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ABSTRACT 
This study evaluated the grain yield, P or K uptake, and early dry weight responses of no-
tilled and ridge tilled soybeans [Glicine max (L.) Merr.] and ridge tilled com (Zea mays L.) to 
broadcast, deep-band, and planter-band P and K fertilizer placements under Iowa soil and 
weather conditions. Long-term P and K trials were established in 1994 at five research centers 
and were evaluated for four years. Forty short-term P-K trials were established in farmers' fields 
from 1995 to 1997. Treatments were various P (0 to 56 kg P ha"') and K (0 to 132 kg K ha ') 
rates broadcast, banded with the planter 5 cm beside and below the seeds, and deep-banded at 
a 15-20 cm depth before planting. Plant samples were taken at V5 to V6 growth stages, dried, 
weighed, ground, and analyzed for total P and K content. Soil samples were taken from different 
depth and position relative to crop rows or fertilizer bands. Mean soil-test P at the 0-15cm depth 
ranged from very low to very high across sites and soil-test K ranged mostly from optimum to 
very high. Phosphorus increased yields in several sites that tested below optimum and there was 
no response to placement. Potassium placement responses however, were observed even in some 
high-testing soils, and deep-banded K, increased yields more than the broadcast placements did 
in several fields. Yield responses were poorly correlated to soil-test K alone and seemed related 
to rainfall amount or frequency in early simmier. Early growth responses to P or K fertilizer were 
fewer and not always coincided with the yield-responsive sites. Both placements evaluated are 
effective methods for P fertilization of conservation tillage systems in Iowa. The deep-band 
placement of K is superior to broadcast placements in some conditions. The cost-effectiveness 
of the placements evaluated will be largely determined by application costs. 
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CHAPTER 1: GENERAL INTRODUCTION 
Dissertation Organization 
This dissertation is organized to have a general introduction, three papers that have been 
or will be submitted to American Society of Agronomy journals, and a general conclusion. Each 
individual paper has an abstract, introduction, materials and methods, results and discussion, and 
conclusion. 
Introduction 
Conservation tillage systems, such as no-till and ridge-till, were being adopted at fast 
rates by Iowa producers during the late 80's. Producers were exploring various forms of 
conservation tillage to reduce costs, reduce soil erosion, reduce contamination of water supplies, 
and comply with conservation requirements. Many producers using these systems, however, 
were uncertain about fertilizer requirements of crops, the value of soil testing, and cost-effective 
methods of fertilizer application. Potential problems with P and K management include 
inappropriate extrapolation of soil test interpretations and fertilizer recommendations from other 
tillage systems, inappropriate soil sampling techniques (i.e., sampling depth and location relative 
to crop rows or fertilizer bands), and inefficient fertilizer placement. These problems could arise 
because of major changes in nutrient availability at different soil depths, soil temperature and 
water relations, and root growth and distribution among others. These uncertainties have 
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compelled many producers to apply unneeded fertilizer and to use the least expensive methods 
of fertilizer application. Moreover most producers are unwilling to risk economic loss due to 
underfertilization because fertilization is highly profitable in soils where P and K are deficient. 
Three decades ago approximately 25% percent of the soil samples sent to the Iowa State 
University (ISU) Soil Testing Laboratory tested above medium for P or K. Recently, however, 
approximately 70% of the samples test above optimum (Killom et al., 1990; Mallarino and 
Blackmer, 1995). These are evidence that many producers could increase both the profitability 
and sustainability of crop production by reducing fertilization rates. Many reports show that 
yields of com and soybean are seldom increased by fertilizing soils testing above medium in P 
or K (Hanway et al., 1962; Olson et al., 1962; deMooy et al., 1973; Rehm et al., 1981; Walker 
et al., 1985; Rehm, 1986; Bharati et al., 1986; Grove et al., 1987; Walker and Raines, 1988; 
Mallarino et al., 1991a, 1991b; Mallarino, 1992; Mallarino and Blackmer, 1992a; Webb et al., 
1992). The results from Iowa for conventionally tilled fields show that (1) large net returns from 
fertilization are likely when available P and K in soils are deficient, (2) applications of P and BC 
fertilizers that increase soil-test levels from medium to high usually result in negative returns to 
investments in fertilizers, and (3) it is more expensive to maintain high soil-test values than 
medium values. 
The no-till system usually leads to P and K vertical stratification in soils. Both nutrients 
accumulate at or near the soil surface as a result of minimal mixing of surface applied fertilizers 
and crop residues with soil, limited vertical movement of P and K in most soils, and cycling of 
nutrients from deep soil layers to shallow layers through nutrient uptake by roots (Shear and 
Moschler, 1969; Griffith et al., 1977; Ketchenson, 1980; Mackay etal., 1987; Karathanasis and 
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Wells, 1990; Karlen et al., 1991). Phosphorus sorption and K retention by soil constituents is 
reduced in surface layers of no-till soils (Karathanasis and Wells, 1990; Guertal et al., 1991). 
However, a relative accumulation of P and K near the soil surface may decrease nutrient 
availability to plants during periods of low or infrequent rain fall. High residue coverage (a 
characteristic of no-tilled soils) usually increases soil moisture and reduces soil temperature at 
shallow depths, which can inhibit plant growth and nutrient availability early in the season but 
can increase root activity in drier periods (Barber, 1971; Cox et al., 1990; Al-Darby and Lowery, 
1987; Fortin, 1993). Several reports showed infrequent and small decreases in nutrient 
availability for crops due to nutrient stratification in high rainfall areas of the Midwest (Singh 
et al., 1966; Moschler and Martens, 1975; Belcher and Ragland, 1972). Recent Iowa research 
with no-till com showed little or no effect of deep or shallow banding of P fertilizer and showed 
small but consistent responses to deep banding of K fertilizer. Published research comparing 
deep-banding with other placements for no-till soybean is scarce and conflicting. Hairston et al 
(1990) showed that deep injection (15-cm depth) of P and K fertilizer surpass the yield responses 
to broadcast placement on no-till soybean in some Mississippi soils testing low in P and K. No 
K placement effect was reported by Hudak et al. (1989) on the yield of no-till soybean grown 
in a silt loam soil at central Ohio. Other work (Lauson and Miller, 1997) showed, however, that 
shallow subsurface banding (5 cm beside and below the seeds) can significantly increase P and 
K fertilizer use efficiency compared with broadcast fertilization for no-till soybean. This result 
coincides with long known effects of banding in mininfiizing retention of these nutrients by soil 
constituents and in increasing fertilizer use efficiency by crops (Black, 1993). The inconsistency 
of the fertilizer placement results for no-till soybean can be observed at other conservation tillage 
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systems as well. Such findings suggest that the response to fertilizer banding cannot be easily 
extrapolated over a wide range of soil and weather conditions. 
The ridge-till system results in more mixing of soil, fertilizer, and residues than does the 
no-till system, but the mixing is mostly superficial and occurs several weeks after seedlings 
emerge. Therefore, large accumulations of P and K occur in the top five to seven centimeters 
of the soil under most conservation tillage systems (Kitchen et al., 1990, Karlen et al., 1991). 
Planting and ridge rebuilding operations also cause lateral stratification of nutrients. Research 
for ridge-tilled com in Minnesota (Rehm, 1992) and observations by Iowa producers suggest that 
even high rates of broadcast K fertilization oflen do not avert early K deficiencies in com. This 
result is not surprising because broadcast fertilizers are positionaly unavailable for seedlings until 
ridges are rebuilt several weeks after planting. Although research from other regions and limited 
Iowa research seems to show that broadcast methods sometimes are less efficient (i.e., more 
fertilizer is needed to attain similar com yields), the yield differences may not offset higher 
application costs. There are good reasons to believe that com yield differences could be 
important for some Iowa soils and conditions (i.e., cold and wet springs or dry summers), but 
not for others. Little information is available concerning P and K management for ridge till 
soybeans. There is uncertainty about the applicability of current soil test interpretations for 
soybeans managed with ridge-tillage because these recommendations originated from fields 
managed with conventional tillage. 
The widespread perception of serious problems with fertilizer management in ridge-till 
and no-till systems could delay further adoption of these conservation systems. This problem 
has been shown even more clearly by developments since this research was initiated. The 
5 
acreage for both no-till and ridge-till systems in Iowa has decreased since 1994 (CTIC, 1997). 
The general goal of this research to develop fertilization practices that increase the 
profitability of crop production and reduce P contamination of water supplies. The specific 
objectives were (1) to identify effective placement methods of P and K fertilizers for soybean 
managed with the no-till system, (2) to identify effective placement methods of P and K 
fertilizers for com and soybean managed with the ridge-till system, and (3) to compare the value 
of various soil sampling techniques and nutrient analysis of young plants as diagnostic tools for 
evaluating soil fertility under these systems. 
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CHAPTER 2: GRAIN YIELD AND EARLY GROWTH OF NO-TILL SOYBEANS 
AS EFFECTED BY PHOSPHORUS AND POTASSIUM PLACEMENT 
A paper for submission to the Agronomy Journal 
R. Borges and A.P. Mallarino 
Department of Agronomy, Iowa State University, Ames, lA 50011 
ABSTRACT 
More information is needed concerning P and K placement for no-till soybeans [Glicine 
max (L.) Merr.]. This study compared the early dry weight and grain yield responses of no-till 
soybean to broadcast, deep-band, and planter-band P and K fertilizer placements under Iowa soil 
and weather conditions. Long-term P and K trials were established in 1994 at five research 
centers and were evaluated for four years. Eleven short-term P-K trials were established in 
farmers' fields fi-om 1995 to 1997. Treatments were various P (0 to 56 kg P ha"') and K (0 to 132 
kg K ha ') rates broadcast, banded with the planter 5 cm beside and below the seeds, and deep-
banded at a 15-20 cm depth before planting. Early dry weight was measured in plants at the V5 
growth stage. Mean soil-test P (STP) at the 0-15cm depth ranged from very low to very high 
across sites and soil-test K (STK) ranged mostly from optimum to very high. Phosphorus 
fertilization increased yields only in soils that tested very low and low in STP, while K also 
increased yields in some soils that tested optimum or higher in STK. The P placement method 
influenced yields at only three sites. The two banded placements were superior at one site and 
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the broadcast was superior at the other two sites. Grain yields were increased by K fertilization 
at five sites, banded K at one site and broadcast K at another one. Responses to K fertilization 
and placement were poorly related to soil STK. Fertilization and placement seldom influenced 
soybean early dry weight. 
Abbreviations: STP = soil-test P, STK = soil-test K. 
INTRODUCTION 
The area of no-till soybean in Iowa and many regions of the Midwest increased markedly 
during the late 80s and early 90s but it has stabilized thereafter (CTIC, 1997). Several reasons 
may explain this trend. One likely reason, although not necessarily the most important, is 
farmers' uncertainty about appropriate fertilization management. Potential problems with P and 
K management include inappropriate extrapolation of soil test interpretations and fertilizer 
recommendations from other tillage systems, inappropriate soil sampling techniques (i.e.. 
sampling depth and location relative to crop rows or fertilizer bands), and inefficient fertilizer 
placement. These problems could arise from major changes in nutrient availability at different 
soil depths, soil temperature and water relations, root growth and distribution among others. 
No-till management usually leads to P and K stratification in soils. Both nutrients 
accumulate in the soil surface as a result of minimal mixing of surface applied fertilizers and 
crop residues with soil, limited vertical movement of P and K in most soils, and cycling of 
nutrients from deep soil layers to shallow layers through nutrient uptake by roots (Shear and 
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Moschler, 1969; GrifiBth et al., 1977; Ketchenson, 1980; Mackay etal., 1987; Karathanasis and 
Wells, 1990; Karlen et al., 1991). Phosphorus sorption and K retention by soil constituents is 
reduced in surface layers of no-till soils (Karathanasis and Wells, 1990; Guertal et al., 1991). 
However, a relative accumulation of P and K near the soil surface may decrease nutrient 
availability to plants during dry spells. High residue coverage (a characteristic of no-tilled soils) 
usually increases soil moisture and reduces soil temperature at shallow depths, which can inhibit 
plant growth and nutrient availability early in the season but can increase root activity in drier 
periods (Barber, 1971; Cox et al., 1990; Al-Darby and Lowery, 1987; Fortin, 1993). 
Several reports showed infrequent and small decreases in nutrient availability for crops 
due to nutrient stratification in high rainfall areas of the Com Belt (Singh et al., 1966; Moschler 
and Martens, 1975; Belcher and Ragland, 1972). Other work (Lauson and Miller, 1997;Eckert 
and Johnson, 1985; Yibirin et al., 1993) showed, however, that shallow subsurface banding (5 
cm beside and below the seeds) can significantly increase P and K fertilizer use efficiency 
compared with broadcast fertilization for no-till soybean and com. This result coincides with 
long known effects of banding in minimizing retention of these nutrients by soil constituents and 
in increasing fertilizer use efficiency by crops (Black, 1993). 
Published research comparing deep-banding with other placements for no-till soybean 
is scarce and conflicting. Hairston et al (1990) showed that deep injection (15-cm depth) of? 
and K fertilizer surpass the yield responses to broadcast placement on no-till soybean in some 
Mississippi soils testing low in P and K. Other research (Hudak et al., 1989) showed no K 
placement effect on yield of no-till soybean grovra in a Silt loam soil at central Ohio. The 
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inconsistency of the fertilizer placement results for no-till systems can be observed at other 
conservation tillage systems as well. Such findings suggest that the response to fertilizer 
banding cannot be easily extrapolated over a wide range of soil and weather conditions. 
This study compared the early growth and grain yield responses of no-till soybean to P 
and K fertilizer placements under Iowa soil and weather conditions. The placements compared 
were broadcast, deep-band, and planter-band. 
MATERIALS AND METHODS 
Sites and crop management 
The study included long-term trials and short-term one-year trials. Ten long-term trials, 
five for P and five for K, were established in 1994 at five Iowa State University research centers 
and were evaluated until 1997. The sites were the Northeast Iowa Research Center near Nashua, 
the Northem Iowa Research Center near Kanawha, the Northwest Iowa Research Center near 
Sutherland, the Armstrong Southwest Research Center near Atlantic, and the Southeast Iowa 
Research Center near Crawfordsville. A rotation of soybean [Glicine max (L.) Merr.] with com 
(Zea mays L.) was established at each trial by planting both crops each year on adjacent sections 
of the experimental areas. Data for soybean are reported in this publication. Thirteen short-term 
P-K response trials were established at farmers' fields in several regions of the state firom 1995 
to 1997. Soybeans were always planted on com residue. Summarized information about soils 
and management practices is shown Tables 1 and 2. The soybean cultivars and planting dates 
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used were among those recommended for each location. Crop management practices (except 
N, P, and K fertilization) were those normally used by each farmer or at each research farm. No 
field had received deep-banded P or K fertilization in the past. 
Trials and treatments 
Long-term trials at research farms 
There were eight treatments at each P or K trial. Six treatments were the factorial 
combinations of two fertilization rates and three placements and two were nonfertilized controls. 
Fertilizer rates were 14 and 28 kg P ha ' at P trials and 33 and 66 kg K ha ' at K trials. The 
placements were bands applied with the planter, broadcast, and deep bands. The planter bands 
were approximately 25 mm in width and were placed 5 cm to the side of and 5 cm below the 
seeds. The broadcast fertilizer was spread onto the soil surface by hand. The deep bands were 
approximately 25 mm in width and were placed 15-20 cm below the soil surface and spaced 0.76 
m. The deep bander had a coulter-knife combination that tilled and brushed residues off a strip 
12 to 18 cm in width. In one control the soil and residue were not disturbed and in the other 
(empty knife) plots received a coulter-knife pass of the deep bander without applying fertilizer. 
The treatments were applied for both crops each year. Thus, treatment effects on soybean 
measured in 1995, 1996 and 1997 likely were the result of the fresh applications plus any 
residual effects from previous applications. The broadcast and deep-banded treatments for the 
1994 and 1995 crops were applied in spring three to five weeks before planting and for the 1996 
and 1997 crops were applied in the fall ( Nov. 1995 and Nov. 96). Soybean on plots 
corresponding to the deep band treatment was planted on top of the coulter-knife tracks. Non 
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limiting K fertilization (280 kg K ha ') was applied one third broadcast and two thirds deep 
banded in spring 1994 at all P trials. Non limiting P fertilization (120 kg P ha ') was applied one 
third broadcast and two thirds deep banded in spring 1994 at all K trials. 
Completely randomized block designs with three replications were used for all trials. 
The treatment sums of squares were partitioned into orthogonal comparisons of the controls 
(absolute control vs. empty knife) and the mean of the controls vs. the mean of the fertilized 
treatments. The sums of squares of fertilized treatments were further partitioned into a factorial 
arrangement of placement, rate, and interaction effects. 
Short-term trials at farmers' fields 
Five trials were conducted in 1995, five in 1996, and three in 1997. The treatments (12) 
were four nonfertilized controls, the factorial combinations of two P rates and two placements 
(four), and the factorial combinations of two K rates and two placements (four). Two of the 
control treatments were absolute controls and the other two received a coulter-knife pass of the 
deep bander without applying fertilizer (empty knife). The fertilization rates were 14 or 56 kg 
P ha"' and 33 or 132 kg K ha*' when P or K were applied separately. A mixture of 56 kg P ha"' 
and 132 kg K ha"' broadcast or deep banded was applied (data not shown). The broadcast and 
deep band placements were similar to those used at the research centers and were applied in the 
fall 1994, 1995 and 1996. Three of the trials conducted in 1996 (Sites 24, 25 and 26) and two 
in 1997 (Sites 30 and 31) evaluated residual effects of similar treatments that had been applied 
for the previous year com crop (no P and K fertilizers were applied for the 1996 and 1997 
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respective soybean crop). One 1997 trial (Site 29) evaluated residual effects of similar 
treatments that had been applied for 1995 soybean crop (no P and K fertilizers were applied for 
the 1996 com or the1997 soybean crop). 
Completely randomized block designs with three replications were used for all trials. 
The treatment sums of squares were partitioned into orthogonal comparisons of the controls 
(absolute control vs. empty knife), the mean of all controls vs. the mean of all fertilized 
treatments, a P rate-by-placement factorial (two rates, two placements, and the interaction 
effects), and a similar K rate-by-placement factorial. In addition, to better estimate separate 
responses to P or K fertilization, the treatment sums of squares were partitioned into two 
nonorthogonal comparisons that compared the mean of all controls with the mean of plots 
receiving only P and the mean of all controls with the mean of plots receiving only K. 
Measurements 
Soil samples were collected from the experimental areas before the treatments were first 
applied. Composite soil samples (12 cores, 2-cm diameter each) were collected randomly from 
two depths (0-7.5 and 7.5-15 cm). In addition, in 1995, 1996 and 1997, the absolute control 
plots of trials at research farms were sampled by collecting composites made up of 12 soil cores. 
Soil was analyzed for STK by the ammonium acetate method, STP by the Bray-1 method, and 
pH following procedures recommended for the North Central region (Brown, 1998). Soil-test 
P and K values are shown in Table 2. Iowa State University soil-test interpretations for samples 
collected from 0-15 cm depth and low subsoil P and K will be used in this report. Boundaries 
for the STP classes very low, low, optimum, high, and very high are 0 < VL < 8 , 8 < L < 16, 
17 
16 < O < 20,20 < H < 30, 30 < VH (mg kg '), respectively. Similar boundaries for STK are 0 
< VL < 60 ,60 < L < 90,90 < O < 130, 130 < H < 170, 170 < VH (mg kg '), respectively. 
Whole soybean plants were sampled when they were at V5 to V6 growth stages (Fehr, 
1971). Ten plants were collected at random from selected plots. The plots sampled were all 
replications of all treatments except the treatment "empty coulter-knife" at the research centers 
and at farmers' field site 21. Plant samples were dried in an air-forced oven at 60 °C and 
weighed. Site 21 was not sampled do to differences in early growth stages among reps caused 
by uneven emergency. 
Soybean grain was harvested with plot combines from the central area of each plot (15-m 
length of three or five rows) at research farms and by mowing, wreaking and shelling the plants 
from a rectangular area centered in each plot at farmers' field trials. The harvested area as 
farmers'fields was 9.l-m in length and 1.5m wide in 1995. Forthe 1996 and 1997 seasons the 
length was 7.6m and the width equal 1.1m. Yields were corrected to 13 % moisture. Daily 
precipitation records were obtained in site at some locations (Sites 1 to 8 and 13 to 20) and at the 
nearest weather station for the other trials (distant from 3 to 25 km). 
RESULTS AND DISCUSSION 
Study of yield responses at research farms or farmers' fields showed that P and K 
increased soybean yields, but there were no significant differences (PsO. 10) between the two P 
fertilization rates or the two K fertilization rates. Likewise, there were no significant interactions 
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among fertilization rates and placements for either nutrient at any site. Furthermore, comparisons 
of yields with a P-K mixture and with similar but separate P or K rates at the farmers' fields 
trials indicated no significant P by K interaction at any site. Because of these results, and to 
simplify the presentation and discussion of data, only the means of the two fertilization rates for 
each nutrient are reported for all trials. In order to simplify the presentation of results even 
further, tables show the mean of the absolute control and the control with a coulter-knife pass 
because the coulter-knife pass did not influence (/*$ 0.10) early growth or yield of soybean at any 
site. 
Grain yield responses to phosphorus fertilization and placement 
At long-term trials, P fertilization increased yields (PsO. 10) at seven sites (Table 3). All 
these responsive sites had very low or low STP, although responses did not occur for all low-
testing soils. The P placement method affected yields significantly (P<0.10) at only three sites. 
The two banded placements did not differ statistically at any of these sites. The broadcast 
placement produced higher yields than banding at Sites 3 and 9 but produced lower yields at Site 
11. The results at Site 3, seem to indicate a slight positive response to the broadcast placement 
and a slight negative response to the deep-band placement. Also, nonorthogonal comparisons 
between each fertilized mean and the contiol were not significant (PsO.lO). The positive 
difference toward the broadcast placement seems unreasonable however, and the fact that STP 
was high suggests that it was a random resvilt. The higher response to broadcast P compared 
with the banded placement at Site 9 was unexpected and cannot be explained. The yield 
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difference was very small, however. The positive response to P banding at Site 11 (same 
location as Site 9, but two years later) could be attributed to a combination of a very low STP 
and little rainfall recorded in May 1996 at that location. Although other sites had low or very 
low STP and other sites received little amounts of rain early in the growing season. Site 11 
presents one of the worst combinations of STP and rainfall. The analysis of means over all sites 
showed a significant response to P fertilization but not to P placement. The interaction P rate 
by site was significant (P^O.IO, not shown), however, which confirms the different responses 
observed at some sites. This result should be expected since many sites had optimum or above 
optimum STP and responses should not be expected in high testing soils. 
At short-term trials, P fertilization increased (P^O.IO) the mean yields over all sites 
slightly (Table 4). Statistical analysis by site however, reveals no yield increase at any site. It 
is possible that small responses could not be detected by the analysis by site. The placement 
differences at Sites 26 and 28 are difficult to interpret. In both sites, yields of the control were 
intermediate between the yields of the deep-band and the broadcasted placements. 
Nonorthogonal comparisons indicated that each of the fertilized means did not differ fi-om the 
control. There is no reasonable explanation for these results. Most likely the significant 
placement effect was due to random error. This is supported by the fact that both sites tested 
high in STP and responses would be unlikely. 
The lack of grain yield response of soybean at sites with STP optimum or above 
coincides with published results (Mallarino et al., 1991; Webb et al., 1992) for fields managed 
with chisel-plow tillage and broadcast fertilization. The lack of large yield responses found at 
several low testing P soils raise questions, moreover, about P recommendations for no-till 
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soybeans. Contrasting results for no-till com, reported by Bordoli and Mallarino (1998), show 
com responses in most low-testing soils. The findings in our study, suggest that soybean may 
require a distinct calibration of STP for the no-till system than that of conventional tillage. The 
soils differed in the stratification of STP (Table 2), which reflects the differences in histories of 
no-till management and P fertilization. In average, the soils had 65% more STP in the 7.5 cm 
depth than in the 7.5 to 15 cm depth and the range across sites was 8 to 283%. High 
stratification, however, did not translate into responses to P fertilization or placement. The lack 
of placement effects for P suggest that STP stratification and P placement are not major issues 
for no-till Iowa soils similar to those included in this study. 
Another possible explanation for the large responses in some low testing soils relates to 
weather conditions. Correlation analyses (not shown), revealed a significant negative 
relationship between yields and rainfall amounts in June or July. Rainfall was high in many 
locations and apparently excessive (more than 200 mm) in others (Table I), which could explain 
the negative correlation with yields. Rain was recorded in 15 to 17 of the first 60 days after 
planting the short-term trials at low-testing sites. The high rainfall amount and frequency may 
have allowed for higher root activity close to the soil surface and may partly explain the lack of 
detectable yield responses to P fertilization (and especially to deep band placement) at those 
sites. 
Grain yield responses to potassium fertilization and placement 
At long-term trials, K fertilization and deep placement increased mean grain yields over 
all sites significantly (P^0.10, although both effects were small (Table 5). The analysis by site. 
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showed statistically significant responses to K fertilization at five sites and to K placement at 
only two sites. These responses were not expected since all soils tested optimum and very high 
in STK. At Site 4, the broadcast placement increased yield more than the two banded 
placements. At Site 7 the two banded placements were better than the broadcast. 
At short-term trials (Table 4), K fertilization increased mean yield over all sites but 
differences were small and the placement did not differ. Analysis by site showed that K 
fertilization influenced yields significantly only at Sites 21 and 31. At Site 21, K fertilization 
increased yields and the two placements did not differ. This site tested low in STK. At Site 31, 
the results are difficult to interpret. The broadcast placement yielded more than the control and 
the deep-band yielded less. The high rate of banded K could have reduced yield due to salt 
damage. However, a similar trend was observed for the low rate and it is unlikely this low rate 
caused any damage. Moreover, deep-band K neither increased or decreased early plant growth 
at this site. Also, nonorthogonal comparisons showed that none of the placements differed from 
the control. The lack of sites with low STK and the small yield responses precludes a 
meaningful correlation study across sites. Relative yield responses to K fertilization (which can 
be calculated fi-om the yield data presented) and STK at various depths across all sites were not 
significantly (PsO.lO) correlated, however. Moreover, the sites in which the response to K 
fertilization was largest not always had the largest STK stratification. Although the STK 
stratification in these soils was less than for P, in average the soils had 37% higher STK in the 
0-7.5 cm depth than in the 7.5 to 15 cm depth and the range across sites was 1 to 108%. It is 
likely however, that the responses to K fertilization were related with weather conditions, 
particularly soil moisture. 
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Early dry weight response to fertilization and placement 
Phosphorus fertilization at long-term trials, statistically increased (P^O. 10) the dry weight 
of soybean at two sites (Table 6). There were nonsignificant trends for heavier dry weights for 
the fertilized treatments as compared to the controls at other sites and over all sites. At Site 11, 
only the two banded placements increased dry weights. At Site 16, all placements increased 
plant dry weight, but the increase was less for the broadcast placement. 
Phosphorus fertilization at short-term trials, significantly increased (/* < 0.10) dry weight 
of soybean at only two of the eleven sites sampled (Table 7). At these sites, however, there was 
a small significant increase for the over all means. In both responsive sites (Sites 25 and 27), the 
broadcast placement increased yields further than the deep placement did. This difference was 
statistically significant only at Site 25, however. The placements did not differ statistically at 
this site, although there is a trend for heavier plants for the deep-band placement. 
Potassium fertilization increased dry weight of young plants significantly (P^O.IO) at 
four long term trials (Sites 3,9, 10, and 14), and at only one short-term trial (Site 25)(Tables 7 
and 8). Analysis over all sites however, shows significant response to K fertilization. The lack 
of response over all trials is explained by the negative response in Site 1. At this site, all 
placements decreased dry weight and this cannot be explained satisfactorily. The highest rate 
of banded K (either deep or with the planter) could have decreased early growth due to salt 
effects. However, a salt effect is difficult to explain with the lowest rates used and for any of the 
broadcast rates. Among the positive responsive sites, the placement differed only at Site 3, 
where the planter-band K placement increased yields over the control. Potassium fertilization 
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increased the mean dry weight of soybean over all trials (P^O. 10), although the placements did 
not differ. The analysis by site showed that K fertilization increased dry weights of plants only 
at Site 25. 
The responses of early growth and grain yield were poorly related. These results suggest 
that the major factors determining grain yield responses to fertilization and placement took place 
later in the cropping season. The effective plant available P and K vary throughout the cropping 
season depending on soil moisture and plant uptake rate. Also environmental growing 
conditions may, or may not, allow for the expression of increased rates of early growth and 
nutrient uptake. 
SUMMARY AND CONCLUSIONS 
Results showed that P fertilization is likely to increase grain yields of no-till soybean in 
very low and low testing soils. Any of the placements evaluated were effective to increase P 
availability and yields. Potassium fertilization increased grain yields even in some soils that 
tested optimum or higher in STK and yields were not markedly influenced by the placement 
method. Phosphorus and K fertilization seldom increased early growth of no-till soybeans. 
Moreover, there was little agreement between the response of grain yield and dry weight at 
responsive sites. Responses in early growth of soybean plants to fertilization and placement are 
not always good indices of the likelihood of grain yield responses. Growing conditions 
throughout the season may not allow for expression of increased early growth or nutrient uptake. 
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Although crop responses to shallow or deep subsurface banding may not result in large 
economic advantages for no-till producers, the potential benefits of these placements in reducing 
soluble P runoff (Baker and Laflen, 1983) were not considered in this study. The subsurface 
placements, especially the deep-band placement reduce markedly P accumulation at or near the 
soil surface in those no-till fields (not shown) and are likely to reduce P losses with water runoff. 
Research with various cropping systems (Sharpley and Menzel, 1987) has shown that 
conservation tillage systems often reduce total P losses to surface water supplies but losses of 
soluble P are proportionally higher for these systems. 
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Table 1. Location, soils, tillage history, cultivars, rainfall, and temperature for 31 year-trials. 
Soil classification Planting Rainfall 
Site Location ^ Series Great group NT* Cultivar' date June July NRD' 
yr — mm — 
I NERC Kenyon Typic Hapludoll 1 SOI 237 5/18/94 167 175 23 
2 2 M-251 5/20/95 171 140 16 
3 3 SOI 237 5/22/96 131 33 22 
4 4 M-251 5/22/97 164 118 22 
5 NIRC Webster Typic Haplaquoll 1 BSR 101 5/11/94 176 122 18 
6 2 BSR 101 5/05/95 106 91 22 
7 3 BSR 101 5/17/96 118 61 21 
8 4 Latham 522 5/06/97 131 73 20 
9 NWRC Galva Typic Hapludoll 3 Kenwood 5/10/94 165 104 19 
10 4 P-9231 5/22/95 109 35 15 
11 5 P-9204 6/04/96 162 63 14 
12 6 Cenex 2500 5/21/97 110 139 15 
13 SERC Mahaska Aquic Argiudoll 1 AG-435 5/11/94 114 38 15 
14 2 M-360 5/07/95 116 90 23 
15 3 AS-352 5/14/96 53 43 22 
16 4 Stine 3660 5/10/97 41 109 15 
17 SWRC Marshall Typic Hapludoll 1 R-3292 5/13/94 220 65 11 
18 2 GH-1302 6/01/95 81 67 13 
19 3 GH-1271 6/04/96 192 78 16 
20 4 Stine 3171 5/14/97 100 44 9 
21 Welman Nevin Aquic Argiudoll 4 Stine 3510 5/19/95 41 41 17 
22 Ames Nicollet Aquic Hapludoll 4 P-9273 6/04/95 88 101 17 
23 Manning Marshall Typic Hapludoll 8 SOI 237 5/22/95 41 41 17 
24 Manning Marshall Typic Hapludoll 8 SOI 252 5/21/96 216 131 18 
25 Manning Marshall Typic Hapludoll 4 DK333 5/21/96 216 1 3 1  18 
26 Welman Givin Udollic Ochraqualf 7 Stine 3171 5/30/96 56 63 17 
27 Parkesburg Dinsdale Typic Argiudoll 6 Lynks 5248 5/16/96 70 57 22 
28 Welman Givin Udollic Ochraqualf 7 Stine 3171 5/30/96 56 63 18 
29 Welman Nevin Aquic Argiudoll 6 DK 3070RR 4/27/97 1 1 1  38 15 
30 Welman Nevin Aquic Argiudoll 6 DK 3070RR 4/27/97 1 1 1  38 15 
31 Psirkesburg Dinsdale Typic Argiudoll 6 Lynks 5248 5/20/96 125 48 18 
t NERC, NIRC, NWRF, SERF, and SWRF indicate the northeast, north, northwest, southeast, 
and southwest research farms respectively. Other names indicate the nearest town to the trials. 
Information for sites 1 to 20 applies to adjacent separate P and K trials. 
t NT = years under no-till. 
§ Soybean cultivars planted. 
If NRD = Number of days with recordable precipitation, during the 60-day period following 
planting data at each site. 
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Table 2. Soil pH, soil-test P and soil-test K values for all sites.^ 
pH» STP« STK 
Site^ 0-15cni 0-7.5cm 7.5-15cm 0-I5cm Class* 0-7.5cm 7.5-15cm 0-15cm Class 
fYl CT Lr Ct' ' •ng Kg -
1 7.1 35 27 31 VH 177 118 148 H 
2 ~ 36 29 33 VH 157 125 141 H 
3 
— 29 18 24 H 135 95 115 0 
4 7.1 34 24 29 H 145 113 129 0 
5 7.1 9 7 8 VL 127 114 121 O 
6 ~ 9 7 8 VL 200 188 194 VH 
7 — 11 10 11 L 190 172 181 VH 
8 7.0 8 6 7 VL 166 164 165 H 
9 6.3 8 4 6 VL 163 123 143 H 
10 ~ 10 4 7 VL 229 181 205 VH 
11 ~ 8 6 7 VL 309 215 262 VH 
12 6.2 10 6 8 VL 196 170 183 VH 
13 6.0 24 20 22 H 157 111 134 H 
14 — 22 13 18 0 157 107 132 H 
15 ~ 19 12 16 L 163 127 145 H 
16 5.9 23 15 19 0 173 123 148 H 
17 5.9 23 6 15 L 276 154 215 VH 
18 — 23 11 17 0 295 178 237 VH 
19 — 24 9 17 0 295 142 219 VH 
20 6.0 25 14 20 0 263 168 216 VH 
21 6.6 14 9 12 L 95 84 90 L 
22 7.5 24 9 17 O 145 124 135 H 
23 5.8 12 7 10 L 180 145 163 H 
24 6.4 13 6 10 L 162 138 150 H 
25 6.3 13 8 11 L 179 151 165 H 
26 6.9 42 25 34 VH 318 198 258 VH 
27 6.7 28 10 19 O 212 111 162 H 
28 6.9 39 21 30 H 288 153 221 VH 
29 6.6 10 6 8 VL 111 109 110 O 
30 6.8 12 7 10 L 104 97 101 O 
31 7.0 7 5 6 VL 122 107 115 0 
t For sites 1 to 20, P data correspond to P trials and K data correspond to K trials. 
t Soil pH for the 0 to 15 cm layer. Not determined for long-term trials in 1995 and 1996. 
§ Iowa State University soil test interpretations very low, low, optimum, high, and very high. 
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Table 3. Yield of soybeans as affected by P fertilization and placement at research centers. 
P - Grain yield Statistics {PsFf 
Site Control B D S Pert Place 
Mg ha' 
1 3.59 3.55 3.71 3.71 0.60 0.25 
2 2.77 2.91 2.72 3.00 0.43 0.83 
3 4.15 4.26 4.08 4.13 0.90 0.05 
4 4.09 4.17 4.13 4.12 0.58 0.67 
5 2.94 3.27 3.17 3.09 0.06 0.26 
6 3.62 3.66 3.69 3.72 0.53 0.69 
7 2.45 3.14 3.05 3.04 0.00 0.60 
8 2.65 2.90 2.85 2.80 0.01 0.32 
9 2.59 2.83 2.70 2.65 0.03 O.Ol 
10 2.85 3.04 2.98 3.05 0.01 0.43 
11 1.76 1.93 2.18 2.22 0.00 0.00 
12 2.32 2.77 2.76 2.73 0.00 0.88 
13 3.70 3.67 3.64 3.80 0.99 0.68 
14 4.15 3.98 3.96 4.11 0.19 0.62 
15 3.18 3.21 3.25 3.24 0.41 0.53 
16 3.84 3.84 3.71 3.87 0.68 0.55 
17 4.15 4.11 4.09 4.00 0.28 0.44 
18 3.64 3.60 3.57 3.68 0.68 0.65 
19 3.66 3.74 3.73 3.68 0.34 0.51 
20 3.92 4.02 3.92 4.01 0.17 0.31 
Means 3.30 3.43 3.39 3.43 0.00 0.83 
t Control = average between absolute control and control with a coulter-knife pass, 
B = broadcast, D = deep-band, and S = planter band (all are means of two fertilization rates). 
% Pert = comparison of controls vs. fertilized treatments, and Place = placement main effect. 
Orthogonal contrasts showed that the two banded placements did not differ at any site. 
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Table 4. Yield of soybeans as affected by P and K fertilization and placement at fanners' fields. 
Grain yield ^ Statistics {P<F) ^  
P K P K 
Site Control B D B D Pert Place Pert Place 
~ Mg ha"' -
21 2.90 2.93 3.16 3.30 3.41 0.33 0.27 0.01 0.63 
22 2.67 2.77 2.64 2.90 2.87 0.71 0.49 0.15 0.77 
23 3.70 3.86 3.59 3.90 3.59 0.88 0.23 0.75 0.18 
24 2.55 2.58 2.77 2.60 2.77 0.22 0.31 0.28 0.20 
25 2.80 2.89 2.88 2.85 2.84 0.45 0.96 0.69 0.93 
26 3.01 2.90 3.17 2.95 3.12 0.90 0.06 0.89 0.23 
27 2.63 2.85 2.78 2.93 2.56 0.27 0.71 0.34 0.28 
28 3.38 3.25 3.50 3.43 3.51 0.92 0.08 0.38 0.58 
29 3.36 3.61 3.26 3.53 3.59 0.70 0.13 0.32 0.88 
30 3.30 3.28 3.28 3.51 3.22 0.92 0.98 0.64 0.23 
31 2.49 2.63 2.53 2.62 2.36 0.32 0.43 0.97 0.05 
Means 2.99 3.04 3.05 3.12 3.05 0.06 0.98 0.00 0.21 
t Control = average between absolute control and control with a coulter-knife pass, 
B = broadcast, and D = deep-band (all are means of two fertilization rates). 
i Pert = comparison of the controls vs. the fertilized treatments, and Place = placement 
effects. 
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Table 5. Yield of soybean as affected by K fertilization and placement at research centers. 
K-Grain yield Statistics (P<F)^ 
Site Control B D S Pert Place 
Mg ha*' 
1 3.92 3.89 4.04 3.82 0.93 0.70 
2 2.87 2.88 2.92 3.01 0.43 0.37 
3 3.93 4.07 4.07 3.96 0.29 0.61 
4 3.98 4.22 4.02 4.10 0.04 0.01 
5 2.97 3.18 3.19 3.24 0.04 0.48 
6 3.43 3.39 3.62 3.49 0.62 0.16 
7 2.37 2.64 2.78 2.88 0.00 0.03 
8 2.51 2.64 2.68 2.64 0.26 0.88 
9 2.84 2.86 2.95 2.95 0.64 0.30 
10 2.86 3.00 3.02 2.94 0.01 0.53 
11 1.98 2.09 2.25 2.23 0.04 0.14 
12 2.62 2.59 2.67 2.54 0.81 0.80 
13 4.09 4.00 4.09 4.16 0.95 0.19 
14 3.77 3.81 3.93 3.78 0.53 0.57 
15 3.54 3.52 3.55 3.46 0.69 0.80 
16 3.43 3.45 3.63 3.38 0.46 0.57 
17 4.37 4.19 4.35 4.31 0.28 0.13 
18 3.63 3.65 3.55 3.54 0.44 0.13 
19 3.44 3.48 3.47 3.48 0.52 0.78 
20 3.77 3.91 3.73 3.89 0.35 0.21 
Means 3.32 3.37 3.43 3.39 0.00 0.10 
t Control = average between absolute control and control with a coulter-knife pass, 
B = broadcast, D = deep-band, and S = planter band (all are means of two fertilization rates). 
t Pert = comparison of controls vs. fertilized treatments. Place = placement main effect. 
Orthogonal contrasts showed that the two banded placements did not differ at any site. 
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Table 6. Dry weight of soybean as affected by P fertilization and placement at research centers. 
P - Dry weight Statistics iP<F) * 
Site Control B D S Pert Place 
g pi-' — 
1 2.59 2.79 2.90 2.57 0.91 0.88 
2 1.03 1.13 1.15 1.12 0.15 0.90 
3 2.04 2.04 2.06 2.27 0.63 0.39 
4 0.77 0.75 0.75 0.71 0.68 0.77 
5 2.23 2.03 2.09 2.21 0.66 0.61 
6 1.48 1.54 1.59 1.46 0.59 0.80 
7 2.03 1.93 1.78 1.98 0.48 0.76 
8 0.91 1.07 1.02 1.00 0.16 0.34 
9 3.18 3.47 3.77 3.95 0.16 0.22 
10 1.01 1.03 1.15 1.20 0.39 0.19 
11 1.62 1.47 1.75 1.84 0.59 0.01 
12 1.15 1.24 1.37 1.31 0.21 0.31 
13 3.03 3.27 3.41 3.91 0.12 0.13 
14 1.11 1.30 1.32 1.40 0.12 0.59 
15 1.04 1.33 1.33 1.28 0.17 0.90 
16 1.61 1.78 2.07 2.06 0.02 0.02 
17 5.00 5.29 4.56 5.07 0.97 0.29 
18 1.81 1.88 2.04 1.88 0.22 0.34 
19 1.26 1.22 1.25 1.21 0.57 0.85 
20 2.04 1.85 1.99 2.04 0.62 0.21 
Means 1.85 1.92 1.97 2.02 0.46 0.88 
t Control = average between absolute control and control with a coulter-knife pass, 
B = broadcast, D = deep-band, and S = planter band (all are means of two fertilization rates). 
t Pert = comparison of controls vs. fertilized treatments. Place = placement main effect. 
Orthogonal contrasts showed that the two banded placements did not differ at any site. 
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Table 7. Dry weight of soybeans as affected by P and K fertilization and placement at farmer's 
fields. 
Dry weight^ Statistics (P^F) * 
P K P K 
Site® Control B D B D Pert Place Pert Place 
gpl"'  
22 1.98 2.04 2.10 2.07 2.03 0.29 0.59 0.39 0.72 
23 1.64 1.64 1.67 1.58 1.66 0.99 0.88 0.79 0.60 
24 1.51 1.62 1.49 1.49 1.49 0.56 0.19 0.74 0.97 
25 1.42 1.68 1.48 1.49 1.54 0.01 0.01 0.09 0.56 
26 1.55 1.65 1.58 1.52 1.70 0.37 0.51 0.40 0.12 
27 1.85 2.12 2.06 1.91 1.96 0.01 0.64 0.35 0.68 
28 1.48 1.56 1.43 1.51 1.34 0.91 0.36 0.57 0.24 
29 2.03 2.10 2.07 2.09 2.09 0.56 0.83 0.54 0.97 
30 1.89 1.97 1.78 1.97 1.78 0.88 0.27 0.89 0.24 
31 1.18 1.06 1.19 1.25 1.14 0.45 0.24 0.86 0.30 
Means 1.65 1.72 1.68 1.69 1.66 0.00 0.15 0.04 0.83 
t Control = mean of the absolute control and control with a coulter-knife pass, 
B = broadcast, and D = deep-band (all are means of two fertilization rates). 
t Pert = comparison of the controls vs. the fertilized treatments, and Place = placement 
effects. 
§ Site 21 was not sampled do to differences in early growth stages among reps caused by 
uneven emergency. 
Table 8. Dry weight of soybean as afifected by K fertilization and placement at research centers. 
K - Dry weight Statistics {P^F) 
Site Control B D S Pert Place 
g pl-1 
1 2.97 2.56 2.43 2.33 0.03 0.34 
2 1.09 1.04 1.17 1.01 0.81 0.50 
3 1.93 1.87 2.07 2.22 0.22 0.00 
4 0.72 0.68 0.72 0.65 0.47 0.99 
5 2.27 2.40 2.49 2.31 0.69 0.89 
6 1.64 1.30 1.50 1.37 0.17 0.34 
7 1.95 1.62 1.77 1.77 0.19 0.28 
8 0.87 0.76 1.00 0.91 0.88 0.02 
9 3.40 4.10 3.72 4.25 O.IO 0.68 
10 0.98 1.16 1.22 1.11 0.08 0.89 
11 1.50 1.47 1.47 1.39 0.68 0.70 
12 1.31 1.19 1.37 1.23 0.69 0.22 
13 3.01 3.35 3.34 3.36 0.16 0.98 
14 1.24 1.48 1.54 1.50 0.04 0.63 
15 1.40 1.31 1.34 1.10 0.21 0.41 
16 1.83 1.69 1.86 1.90 0.90 0.25 
17 5.21 4.82 4.61 5.14 0.23 0.94 
18 2.21 2.11 2.37 2.09 0.93 0.37 
19 1.38 1.25 1.30 1.26 0.32 0.74 
20 2.12 1.67 1.98 1.91 0.22 0.13 
Means 1.95 1.89 1.96 1.94 0.52 0.97 
t Control = average between absolute control and control with a coulter-knife pass, 
B = broadcast, D = deep-band, and S = planter band (all are means of two fertilization rates). 
$ Pert = comparison of controls vs. fertilized treatments. Place = placement main effect. 
Orthogonal contrasts showed that the two banded placements did not differ at any site. 
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CHAPTER 3: EFFECT DEEP BANDING PHOSPHORUS AND POTASSIUM ON 
GRAIN YIELD AND EARLY GROWTH OF RIDGE TILLED CORN 
A paper for submission to the Agronomy Journal 
R. Borges and A.P. Mallarino 
Department of Agronomy, Iowa State University, Ames, lA 50011 
ABSTRACT 
There is uncertainty about nutrient management for ridge tilled com {Zea mays L.). The 
ridge till system lead to accumulation of phosphorus (?) and potassium (K) in the topsoil, mainly 
due to limited movement of these nutrients in soils, broadcast fertilization, and nutrient cycling 
from deep soil layers. Nutrient stratification may reduce crop early growth and yields. This 
study evaluated com responses to P and K placements in 15 ridge-tilled trials, established from 
1995 to 1997 at farmers' fields. Granulated fertilizer was applied broadcast or deep-banded (at 
15 to 20 cm. depth) at rates of 0 to 56 kg P ha ' and 0 to 132 kg K ha"'. Early dry weight was 
measured in plants at the V5 growth stage. Mean soil-test P (0-15 cm depth) over ridges and 
valleys ranged from very low to very high across sites and soil-test K ranged mostly from high 
to very high. Nutrient levels were higher in the ridges. Phosphorus increased yields in several 
sites that tested optimum or below optimum in soil-test P and there was no response to 
placement. Early growth responses to P fertilizer were less frequent but coincided with some 
of the yield-responsive sites. Deep-banded P increased the early dry weight over the broadcast 
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placement at only one site. Deep-banded K increased yields more than the broadcast placements 
did in several fields even in some high-testing soils. Yield responses were poorly correlated to 
soil-test K alone and seemed related to moisture deficiency in July. Potassium fertilization 
increased early growth at six sites, and the deep-band placement was superior in four of those 
sites. The results showed that both placements evaluated were similarly effective for P 
fertilization of ridge-tilled com and that the deep-band placement of K was superior to broadcast 
placements in many fields. Further work should be conducted to characterize residual responses 
to deep-banded K on other crops grown in rotation with com. 
Abbreviations: STP = soil-test P, and STK = soil-test BC. 
INTRODUCTION 
Conservation tillage systems, such as ridge-till, began to be adopted at fast rates by Iowa 
producers during the late 80's. Producers were exploring various forms of conservation tillage 
to reduce costs, reduce soil erosion, reduce contamination of water supplies, and comply with 
conservation requirements. Many producers using these systems, however, were uncertain about 
fertilizer requirements of crops, the value of soil testing, and cost-effective methods of fertilizer 
application. These uncertainties have compelled many producers to apply unneeded fertilizer 
and to use the least expensive methods of fertilizer application. Most producers are unwilling 
to risk economic loss due to under fertilization because fertilization is highly profitable in soils 
where P £md K are deficient. Moreover, the widespread perception of serious problems with 
fertilizer management in ridge-till system may have delayed further adoption of the system or 
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even been the main cause for its acreage decrease in Iowa since 1990 (CTIC, 1997). 
Many reports of studies on fertilizer management for conventional tillage systems have 
shown that yields of com are seldom increased by fertilising soils testing above optimum in P 
or K (Hanway et ai., 1962; Olson et al., 1962; deMooy et al., 1973; Rehm et al., 1981; Rehm, 
1986; Walker and Raines, 1988; Mallarinoetal., 1991a, 1991b; Mallarino, 1992; Mallarino and 
Blackmer, 1992a; Webb et al., 1992). The results from Iowa for conventionally tilled fields 
show that (1) large net returns from fertilization are likely when available P and K in soils are 
deficient, (2) applications of P and K fertilizers that increase soil-test levels from medium to high 
usually result in negative returns to investments in fertilizers, and (3) it is more expensive to 
maintain high soil-test values than medium values. 
Published reports suggest that commonly used optimum levels of available nutrients and 
soil sampling techniques may not be appropriate for some ridge-till and no-till systems (MacKay 
etal., 1987; Kitchen et al., 1990; Tyler and Howard, 1991; Rehm, 1992; Bordoli and Mallarino, 
1998). The ridge-till system results in more mixing of soil, fertilizer, and residues than does the 
no-till system but the mixing is mostly superficial and occurs several weeks after seedlings 
emerge. Therefore, large accumulations of P and K. occur in the top 5 to 10 cm of the soil under 
most conservation tillage systems (Kitchen et al., 1990, Karlen et al., 1991). Lateral 
stratification of nutrients is also evident in ridge-till because of planting and ridge rebuilding 
operations. Limited research for ridge-tilled soils (Rehm, 1992) and observations by Iowa 
producers suggested that even high K fertilization rates applied broadcast often did not avert 
early K deficiencies in com. These observations are not surprising because broadcast fertilizers 
are positionaly imavailable for seedlings until ridges are rebuilt several weeks after planting. 
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Furthermore, subsurface banding of P fertilizer has potential for reducing P losses with 
surface runoff and, consequently, for reducing contamination of surface water supplies. 
The objectives of this research project were to identify effective fertilizer placement 
methods and diagnostic tools for P and K in ridge-tilled com in Iowa soil and weather 
conditions. 
MATERIALS AND METHODS 
Sites and Treatments 
Fifteen short-term P-K response com trials were established at farmers' fields in several 
regions of the state of Iowa from 1995 through 1997. Com was always planted after soybean. 
Summarized information about management practices and soil characteristics are shown in 
Tables 1 and 2. Crop management practices (except N, P, and K fertilization) were among those 
recommended for each location. Sites 4,6, and 9 had received deep-banded P or K fertilization 
in the past. 
Fourteen treatments were applied to each location. Treatments were four nonfertilized 
controls, the factorial combinations of two P rates and two placements (four), the factorial 
combinations of two K rates and two placements (four), and two PK mixtures. Two of the 
control treatments were absolute controls and the other two received a coulter-knife pass of the 
deep bander without applying fertilizer (empty knife). The fertilization rates were 14 or 56 kg 
P ha ' and 33 or 132 kg K ha ' when P and K were applied separately. The two PK treatments 
consist of the combination of 56 kg P ha ' and 132 kg K ha ' applied using two placements. 
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The placements were broadcast, and deep bands. The broadcast fertilizer was spread onto 
the soil surface by hand. The deep bands were approximately 25 mm in width and were placed 
15-20 cm below the soil surface of each ridge. In one control the soil and residue were not 
disturbed and in the other (empty knife) plots received a coulter-knife pass of the deep bander 
without applying fertilizer. The fertilizers were applied in the fall of the previous cropping year. 
Nitrogen fertilizer was applied at rates 50% higher than local recommendations, split pre-plant 
(fall or spring) and one week after planting. Plot width varied from four to six rows spaced 96 
cm (except for site 10 where the row spacing was 91 cm) and the length was 18.3 m. Five of the 
trials (Sites 8 to 12) conducted in 1996 and 3 (Sites 13 to 15) trieils conducted in 1997 evaluated 
residual effects of similar treatments that had been applied for 1995 and 1996 soybean crops 
respectively (no P and K fertilizers were applied for the 1996 and 1997 com crop at those 
particular sites). 
Completely randomized block designs with three replications were used for all trials. 
The treatment sums of squares were partitioned into orthogonal comparisons of the controls 
(absolute control vs. empty knife), the mean of all controls vs. the mean of all fertilized 
treatments, a P rate-by-placement factorial (two rates, two placements, and the interaction 
effects), and a similar K rate-by-placement factorial. In addition, to better estimate separate 
responses to P or K fertilization, the treatment sums of squares were partitioned into two 
nonorthogonal comparisons that compared the mean of all controls with the mean of plots 
receiving only P and the mean of all controls with the mean of plots receiving only K. 
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Measurements 
Soil samples were collected from the experimental areas before the treatments were first 
applied. Composite samples (16 cores, 2-cm diameter each) were collected from the ridges and 
split in two depths (0-15 and 15-30 cm) and from the valleys (0-15 cm depth only) separately. 
Soil samples were also collected from selected treatments after harvesting the crops in farmers' 
fields. All soil samples were dried, and ground for chemical analyses. Soil available P, K, pH 
and organic carbon were determined for each site following procedures recommended for the 
North Central region (Brown, 1998). Soil-test K was analyzed by the ammonium acetate 
method, soil-test P by the Bray-1 method. Soil-test P and K values are shown in Table 2. Iowa 
State University soil-test interpretations for samples collected from 0-15 cm depth and low 
subsoil P and K are used. Boundaries for the STP classes very low (VL), low (L), optimum (O), 
high (H), and very high (H) are 0 < VL < 8 , 8 < L < 16, 16 < O < 20, 20 < H < 30, 30 < VH 
(mg kg"'), respectively. Similar boundaries for STK are 0 < VL < 60 ,60 < L < 90,90 < O < 
130, 130 < H < 170, 170 < VH (mg kg"'), respectively. 
Whole com plants were sampled when they were at V5 to V6 growth stages. Ten plants 
were collected at random from each plots and from rows that would not be harvested. Plant 
samples were dried in an air-forced oven at 60 °C and weighed. Com grain was harvested by 
hand (7.6 m by two rows) and shelled by a stationary sheller. Yields were corrected to 15.5% 
moisture. Plant population was measured at harvest on two center rows of each plot. 
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Weather Data 
Precipitation and maximum temperatures were obtained at the nearest weather station for 
each trial (distant from 3 to 10 km). Monthly maximum temperature averages were calculated 
for each site. Previous research with no-till com (Bordoli and Mallarino, 1998) found that 
response to deep-band K were larger when there were long periods of dry topsoil during late 
spring and early summer. Thus, and because soil moistm-e could not be measured in this study, 
an index of number of days without rain was calculated for each month (April through 
September) for each site-year. A dry day index (DDI) that increased exponentially with the 
number of consecutive days without measurable rainfall was calculated by (1) counting the 
number of consecutive days with precipitation lower than 1mm within a period, (2) calculating 
the square of each number and (3) simuning the squared values for the period of interest. For 
example, assuming that precipitation was recorded for the 5th, 25th, and 31st days of a given 
month, and at the 10th, 20th, and 31th of the following month, the DDI for each month would 
be calculated as: DDI, = $^[4^ + 19- + 5-]= 402; and, DDI, = + 9* + 10-]=262. It is 
noteworthy that even though month 1 and 2 had the same monthly frequency of rain, at month 
1 the spreading was more uneven, which caused the DDI, to be higher than DDI, The frequency 
of raining days also influences DDI. Since the index follows an exponential function, higher 
indexes are expected for low precipitation frequencies and higher spreading of rainy days. 
RESULTS AND DISCUSSION 
Study of responses showed that P and K increased com grain yields and early dry weight 
at several sites, but there were no significant differences {P^O. 10) between the two P fertilization 
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rates or the two K fertilization rates. Likewise, there were no significant interactions among 
fertilization rates and placements for either nutrient at any site. Furthermore, comparisons of 
yield with a P-K mixture indicated no significant P by K interaction at any site. Because of these 
results, and to simplify the presentation and discussion of data, only means of the two 
fertilization rates for each nutrient are reported for all trials. The absolute control and the control 
with a coulter-knife pass did not influence (P^O.IO) early growth or yield of com at any site. 
Thus, in order to simplify the presentation of results even further, tables show the averages of 
the two control means. These results indicate that any response to deep-banded K was not due 
to the physical effects of the coulter and knife pass. 
Effects of Fertilizer Placement on Grain Yields 
Phosphorus fertilization increased com grain yields significantly (P < 0.10) at seven sites 
(Table 3). The analysis over all sites also showed a highly significant yield increase {P < 0.01) 
due to P fertilization. Statistically maximum yields were achieved with the lowest rate used (14 
kg P ha"') at all sites. The P placements did not differ {P < 0.10) at any of the 15 sites. The 
positive responses occurred at 5 of 10 very low or low testing sites and at 2 of 4 optimum testing 
sites. The lack of statistically significant grain yield response at some sites that tested optimum 
or below (were small or large responses should be expected) could be explained by several 
reasons. One is that the analysis by site is not sensitive enough to detect small responses (high 
experimental error or insufficient replication). The significant response to P over all sites 
supports this possibility. Another reasonable explanation is the applicability of soil test 
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interpretations and fertilizer recommendations based on conventional tillage and broadcast 
fertilization. Although this could be explained by limiting levels of other growth factors, it could 
also be explained by the way soil test classes were made. The values used for the soil-test 
interpretation classes shown in Table 2 are averages for samples collected from a 0-15 cm depths 
from the ridge and valleys. Soil-test P (0-15 cm depth) for the ridges was almost always higher 
than for the valleys. It is likely that the soil-test P from the ridges, where a high proportion of 
roots grow, is more important for predicting responses to P than soil-test P from the valleys. 
Other research has shown lesser root growth in trafficked ridge valleys (Bauder et al., 1985, and 
Kasparetal., 1991). 
Potassium fertilization influenced grain yields of ridge-till com significantly (P < 0.10) 
at seven sites. Statistically maximum yields were always achieved with the lower rate used. 
Only the deep-band placement increased yields at four of the responsive sites (Sites 3,7,10, and 
14). At Site 6, the deep band placement did not increase yields while the broadcast did. The 
responses at this site cannot be explained satisfactory. The placements did not differ at Site 9. 
The differences at Site 15 are not reasonable and could be the result of an unexplainable low 
yield for the broadcast treatment. Both responses to K fertilization and placement suggest 
frequent small or large responses at several other sites. The placements' means over all sites 
shows a difference of 550 kg ha"' for the deep band over the broadcast placement. An analysis 
over all trials showed a statistically highly significant {P < 0.01) response to both K fertilizer 
and placement. These responses were not expected because most soils tested high or very high 
in soil test K (when data from both ridges and valleys were averaged). The lowest average soil-
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test K value observed was 101 ppm and the highest was 187 ppm. Moreover, soil-test K for the 
ridges was even higher. 
The responses to K occurred on many high-testing soils. Analyses of the responses 
showed that yield responses to deep-banded K poorly related to soil test K (r= 0.12). Higher 
positive correlation (r = 0.37) was obtained between yield response and DDI for the month of 
July. Moreover, correlations were improved to (r = 0.48) when both variables were considered 
together. Responses were larger when STK was lower and DDI was higher (rain frequency more 
uneven). The STK vertical stratification in these soils was less than for P, although in average 
the soils had 40% higher STK in the 0-15 cm depth than in the 15 to 30 cm depth and fields with 
long histories of ridge-till management had higher stratification. The sites in which the response 
to K fertilization was largest not always had the largest STK vertical and lateral stratification. 
However, two of the responsive sites that were classified as high (average STK for ridge and 
valley 0-15 cm layer) actually would be low or optimum if only the ridge 15-30cm layer were 
considered. It is likely that the responses to K fertilization were the result of a combination of 
lower STK at the base of the ridge and soil moisture deficiency in early summer. 
Effects of Fertilizer Placement on Early Com Growth 
Phosphorus fertilization increased early growth of ridge-till com significantly (P < 0.10) 
at four sites (Table 4). At Sites 7 and 9, the deep placement increased early dry weight more 
than the broadcast placement did. Two of the responsive sites tested optimum and the others 
tested below optimum when soil-test P form ridges and valleys were averaged. All soils would 
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have tested higher if only data from the ridges were used. It is noteworthy that the responsive 
sites were also responsive in yield. The analyses over all sites shows no dry weight response 
to either fertilizer or placement of P. Nonetheless, the average plant weight for the deep band 
placement was higher at 10 of the 15 sites. 
Analyses of responses to K fertilization showed an increase in early com growth at six 
sites. The deep-banded K was better thcin the broadcast placement at the four sites in which the 
placement of K fertilizer affected early growth significantly (Sites 5,7,10, and 12). Means over 
all sites and small non-significant responses to K fertilizer suggested that K fertilizer can 
increase the growth rates of small ridge tilled com plants grown under many conditions, 
regardless of STK level. Analysis of soil-test data alone for ridges and valleys and for different 
depths cannot fully explaiin this result. An explanation is further complicated by the fact that the 
K responsive sites for early growth often did not coincide with the K responsive sites for grain 
yield. Only two of those sites showed a grain yield response to K placement. This lack of 
agreement can be explained by changes in soil K availability and growing conditions during the 
growing season. Such possibility is supported by work done by Ebelhar and Varsa (1996). 
The lack of major early growth response to P fertilization and placement, and the 
observed response to K placement at several sites is in contrast with observations made by 
Bordoli and Mallarino (1998) for no-till com. In their study, deep banded P usually increased 
early growth of no-till com even in some high testing soils. Furthermore, the STP values in this 
study ranged mostly from low to optimum and a larger number of early growth responses should 
be expected. One possible explanation for the difference between tillage systems for P is the 
warmer temperatures at the ridges that would increase soil P availability and root growth during 
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the early growth stages of the com crop. The residue cover of no-till soils is known to reduce 
early com growth and soil temperatures in spring. Small response at many sites, however, 
explains a highly significant response of early growth to P over all sites. For the K effect, 
however, the frequent responses found in these ridge-till sites should not be surprising. Ridge 
till com fields have been reported K deficient in some high testing soils throughout the Com Belt 
(Rehm, 1992). It is also noteworthy that the responsive sites would be classified as high or very 
high in STK if one uses the mean STK values for ridge or valley at 0 to 15cm depth. However, 
if one uses the STK values from the 15 to 30 cm depth, the sites would be classified at the base 
of the ridges as optimum or in the lower range of the high class. The use of STK values from 
deeper soil samples is especially justifiable to interpret responses of early growth, because the 
surface of the ridge is removed during planting and it is not replaced back on the ridge until later 
in the cropping season. This practice, places the new growing plants m contact with sub surface 
soil that is not considered when using the traditional 15 cm depth samples. 
SUMMARY AND CONCLUSIONS 
Phosphorus fertilization increased yields of ridge-till com in several soils that tested low 
or optimum when samples were collected from the ridges, but there were no differences among 
P placements. Responses of early crop growth due to deep-banding did translate into increased 
grain yields. On the other hand, the results for K showed that deep banding this nutrient often 
(but not always) was more efficient than broadcasting for com grown vwith ridge-tillage. 
Although differences were not observed in all fields or were always large, deep-banded K 
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increased grain yields in many instances when the broadcast placement did not. Contrary to 
expectations, responses to deep-banded K were poorly related to soil-test K or K stratification. 
The resxilts show that current soil-test interpretations and fertilizer recommendations for 
P or K based on conventional tillage may not fully apply for ridge till com. For P, collecting soil 
samples froml5-cm layer of the ridges seems better related to likelihood of responses. For K, 
collecting soil samples from the base of the ridges (15 to 30 cm depth) could better predict 
response to deep-band K in some situations. Yield responses to P and K fertilization were more 
frequent when it rained irregularly during the month of July. Our results cannot be conclusive, 
however, low frequency of response sites and the lack of soil moisture measurements. 
Although crop responses to deep banding may not result in large economic advantages 
for ridge-till producers, the potential benefits of these placements in reducing nutrient 
contamination of water supplies and nutrient leaching were not considered in this study. 
Subsurface placements will reduce P accumulation at or near the soil surface in ridge-till fields 
and are likely to reduce P losses with water runoff (Mclsaac et al., 1991). Research with various 
cropping systems (Sharpley and Menzel, 1987) has shown that conservation tillage systems often 
reduce total P losses to surface water supplies but losses of soluble P are proportionally higher 
for these systems. 
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Table 1. Year, location, soils series, and other information for each com site. 
Soil Com Planting Years 
Site Location^ Series Great Group Hybrid^ date RT5 
I Audubon Marshall Typic Hapludoils W 1768 5/17/95 
yr 
6 
2 G. Cent. Tama Typic Argiudolls P3563 5/15/95 3 
3 Hamilton Clarion Typic Haplaquolls DK512 5/12/95 5 
4 Newel Canisteo Typic Hapludoils P3702 5/10/95 5 
5 G. Cent. Tama Typic Argiudolls P3394 5/06/95 3 
6 Newel Canisteo Typic Hapludoils LOL 434 5/05/96 6 
7 G. Cent. Tama Typic Argiudolls P3563 5/07/96 4 
8 Audubon Marshall Typic Hapludoils W 1690 4/28/96 7 
9 Newel Canisteo Typic Hapludoils LOL 434 5/05/96 6 
10 Ames Webster Typic Haplaquolls P3489 5/06/96 3 
11 Hamilton Clarion Typic Haplaquolls P3730 5/07/96 6 
12 G. Cent. Tama Typic Argiudolls P3563 5/07/96 4 
13 G. Cent. Tama Typic Argiudolls ABV IIOl 5/06/97 5 
14 G. Cent. Tama Typic Argiudolls ABV 1101 5/06/97 5 
15 G. Cent. Tama Typic Argiudolls ABV 1082 5/16/97 5 
t Names indicate the nearest town to the trials. 
t Com hybrid: ABV= Ames Best Variety, DK= Dekalb, L0L=Land-0-Laskes, P= Pioneer, 
and W= Wilson. 
§ RT= number of years with continues ridge-till system. 
Table 2. Soil pH, soil organic carbon, and soil test P and K for each com site. 
Soil STP STK 
Site ptr ONf 0-15cm 15-30cm class* 0-15cm 15-30cm class* 
mg kg-' mg kg-1 
1 7.0 3.3 11.3 4.9 L 152 126 H 
2 6.1 4.5 13.2 4.9 L 174 129 VH 
3 6.5 2.6 17.2 6.5 O 116 91 0 
4 6.3 4.1 10.8 3.2 L 153 147 H 
5 6.0 3.9 15.8 5.4 L 187 141 VH 
6 7.4 5.3 6.4 2.5 VL 176 158 VH 
7 6.9 4.9 18.0 7.8 O 167 140 H 
8 6.5 3.9 6.0 3.3 VL 158 144 H 
9 6.1 5.0 12.9 3.5 L 155 146 H 
10 6.5 4.9 64.0 26.7 VH 151 131 H 
11 5.6 3.6 11.9 5.3 L 101 84 0 
12 6.4 4.6 16.0 7.7 L 147 123 H 
13 6.1 4.5 16.5 6.3 0 164 117 H 
14 6.1 4.5 18.6 5.7 0 139 84 H 
15 6.0 3.9 12.0 7.0 L 174 142 VH 
10-15cm = Average value for the ridge plus valley, sampled from the top 15 cm layer; and 
15-30cm = base of the ridge sampled from 15 to 30 cm layer. 
t Iowa State University soil test interpretation very low, low, optimum, high, and very high. 
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Table 3. Grain yield of ridge-till com as affected by P and K fertilization and placement. 
Grain yield ^ Statistics {P<F) * 
P K P K 
Site Control B D B D Pert Place Pert Place 
~ Mg ha'' 
1 8.23 8.96 8.63 8.84 8.92 0.10 0.48 0.20 0.32 
2 8.77 8.90 9.17 8.97 8.97 0.21 0.36 0.35 0.99 
3 7.56 8.11 8.32 7.07 8.64 0.03 0.63 0.30 0.00 
4 8.29 8.16 8.43 7.90 8.31 0.95 0.36 0.38 0.17 
5 9.48 9.66 9.63 9.76 9.71 0.48 0.90 0.28 0.86 
6 7.77 8.68 8.65 8.84 7.58 0.01 0.96 0.33 0.02 
7 8.76 9.33 9.54 8.95 9.91 0.01 0.52 0.01 0.01 
8 8.35 9.11 9.32 9.07 8.60 0.01 0.63 0.12 0.28 
9 9.02 9.63 10.05 9.22 9.82 0.01 0.32 0.08 0.16 
10 10.80 11.18 10.83 10.90 11.67 0.60 0.54 0.18 0.03 
11 7.39 8.48 7.83 7.26 8.35 0.12 0.34 0.39 0.11 
12 9.64 10.16 9.96 9.82 9.85 0.06 0.52 0.39 0.95 
13 8.78 8.79 9.13 8.96 8.92 0.52 0.29 0.50 0.93 
14 8.86 8.97 8.91 8.32 9.15 0.59 0.81 0.51 0.00 
15 8.16 8.28 8.55 7.74 8.33 0.26 0.42 0.63 0.08 
Means 8.66 9.09 9.13 8.77 9.12 0.00 0.86 0.00 0.00 
t Control = average between absolute control and control with a coulter-knife pass, 
B = broadcast, and D = deep-band (all are means of two fertilization rates). 
t Pert = comparison of the controls vs. the fertilized treatments, and Place = placement 
effects. 
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Table 4. Dry weight yield of ridge-till com as affected by P and K. fertilization andplacement. 
Dry weight^ Statistics {P^F) ^ 
~P K P K 
Site Control B D B D Fert Place Fert Place 
g pi-' -
1 2.73 2.75 3.03 2.96 3.13 0.38 0.20 0.05 0.43 
2 2.18 2.33 2.39 2.69 2.47 0.26 0.80 0.03 0.41 
3 2.40 2.91 2.79 2.54 2.68 0.01 0.61 0.19 0.56 
4 3.86 4.22 4.20 4.02 4.48 0.36 0.70 0.23 0.21 
5 3.31 2.99 3.25 3.16 3.63 0.26 0.28 0.63 0.06 
6 2.56 2.72 3.09 2.89 2.62 0.04 O.Il 0.23 0.23 
7 1.54 1.59 1.84 1.58 1.90 0.05 0.04 0.03 0.01 
8 1.33 1.39 1.48 1.51 1.43 0.32 0.50 0.20 0.58 
9 2.64 2.71 2.44 2.65 2.85 0.56 0.10 0.33 0.22 
10 3.34 3.33 3.39 3.34 4.02 0.91 0.80 0.08 0.01 
11 1.42 1.54 1.35 1.37 1.38 0.83 0.18 0.66 0.94 
12 1.61 1.53 1.74 1.66 1.95 0.81 0.11 0.04 0.03 
13 2.67 2.74 2.63 2.84 2.63 0.92 0.55 0.61 0.25 
14 3.05 3.27 3.38 3.16 3.13 0.11 0.66 0.57 0.91 
15 2.36 2.50 2.51 2.66 2.36 0.53 0.96 0.51 0.24 
Means 2.47 2.57 2.63 2.60 2.71 0.01 0.63 0.00 0.08 
t Control = average between absolute control and control with a coulter-knife pass, 
B = broadcast, and D = deep-band (all are means of two fertilization rates). 
t Fert = comparison of the controls vs. the fertilized treatments, and Place = placement 
effects. 
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CHAPTER 4: YIELD, EARLY GROWTH, AND NUTRIENT UPTAKE OF 
RIDGE TILLED SOYBEANS AS AFFECTED BY PHOSPHORUS AND 
POTASSIUM FERTILITY 
A paper for submission to the Agronomy Journal 
R. Borges and A.P. Mallarino 
Department of Agronomy, Iowa State University, Ames, lA 50011 
ABSTRACT 
Extensive research has addressed the P and K requirements of soybean [Glycine Max (L.) 
Merr.] managed with conventional tillage. Uncertainties remain, however, about the 
applicability of current soil test interpretations and fertilizer placement methods for soybean 
managed with ridge-tillage. This study evaluated the soil and plant responses to P and K 
placements (broadcast and deep band) in 14 ridge-tilled trials established from 1995 to 1997 at 
farmers' fields. Soil samples were taken from different depth and position in relation to the 
ridge. Granulated fertilizers were applied broadcast or deep-banded (at 15 to 20 cm. depth) at 
rates of 0 to 56 kg P ha"' and 0 to 132 kg K ha'". Plant samples were taken at V5 to V6 growth 
stages, dried, weighed, ground, and analyzed for total P and K content. Phosphorus increased 
grain yields only in some low-testing soils. Early plant growth was statistically affected by P 
fertilization at only two sites, but there was a positive response to fertilization in the analysis 
over-all sites. There were no yield or growth responses to P placement. Grain yield was 
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statistically responsive to K fertilization only at one site and only deep-banded K increased early 
growth, although responses were observed only at three sites. Fertilization with P and K 
increased P or K uptake in several sites. The deep-band placement increased nutrient uptake 
(especially K) more than the broadcast placement did. The frequent increase in P or K uptake 
with deep-banding did not result in high yields in this study. It was concluded that both 
placements evaluated are effective methods for P fertilization of ridge tilled soybean in Iowa. 
Responses in early plant growth and K uptake suggest that the deep-band placement of K is 
superior to broadcast placements in some conditions. 
Abbreviations: STP = soil-test P, and STK = soil-test K. 
INTRODUCTION 
Extensive research has shown that yields of soybeans managed with conventional tillage 
usually are increased by application of P and K fertilizers to soils deficient in this nutrients 
(Bray, 1961; Hanway et al., 1962; Olson et al., 1962; deMooy et zil., 1973; Thom, 1985; Rhem, 
1986; Grove et al., 1987; Obreza and Rhoads, 1988; Million et al., 1989). Early studies and 
more recent studies (Mallarino et al., 1991, Webb et all., 1992) show that the soil-test P or K 
values needed to maximize yields of soybeans and com are similar. Although the relative yield 
response to fertilization tends to be greater for com. Because of interactions with other nutrients 
and other growth factors, no crop always will respond to fertilization in deficient soils. 
Observations over the years from field response trials with P and K have suggested, however, 
that the proportion of nonresponsive soils is higher for soybean than for com. These 
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observations, often poorly documented, lead deMooy et al. (1973) to a thorough review of the 
published information that could address this issue. The authors concluded that there was 
experimental evidence for those observations. Some of the suggested reasons for this less 
frequent response included differences in nutrient uptake efficiency by soybean during periods 
with topsoil moisture deficiency in early summer and deficiency of other nutrients. 
The area of soybean and com managed with ridge-till system in the Cora Belt and in 
Iowa increased markedly until the late 80's. Producers changed to this system because of 
concerns about soil erosion, contamination of water supplies, high production cost associated 
with conventional tillage system and compliance with conservation requirements and production 
costs. Many ridge-till producers, however, were uncertain about fertilizer requirements of crops, 
the value of soil testing, and cost-effective methods of fertilizer application for this system. 
These uncertainties have compelled many producers to apply unneeded fertilizer and to use the 
least expensive methods of fertilizer application. Most producers are unwilling to risk economic 
loss due to under fertilization because fertilization is highly profitable in soils where P and K are 
deficient. Moreover, the widespread perception of serious problems with fertilizer management 
in ridge-till system may have delayed further adoption of the system or even been the main cause 
for its acreage decrease in Iowa and the com belt since the early 90's (CTIC, 1997). 
Published reports suggest that commonly lased optimum levels of available nutrients and 
soil sampling techniques may not be appropriate for some conservation tillage systems (MacKay 
et al., 1987; Kitchen et al., 1990; Tyler and Howard, 1991; Rehm, 1992). Large accumulations 
of P and K occur in the top 5 to 10 cm of the soil under most conservation tillage systems 
(Kitchen et al., 1990, Karlen et al., 1991). This stratification usually is largest for the no-till 
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system. The ridge-till system results in more mixing of soil, fertilizer, and residues than does 
the no-till system, but mixing occurs several weeks after seedlings emerge. Although research 
from other regions and limited Iowa research seems to show that broadcast methods sometimes 
are less efficient (i.e., more fertilizer is needed to attain similar yields), the yield differences may 
not offset higher application costs. 
There are good reasons to believe that differences could be important for some Iowa soils 
and conditions (i.e., cold and wet springs or dry summers), but not for others. Moreover, deep-
banding P fertilizer could reduce nonpoint pollution caused by P lost with water runoff and 
consequently reduce P contamination of surface water supplies. The objectives of this research 
project were to identify effective fertilizer placement methods and diagnostic tools for P and K 
ridge-tilled soybean for Iowa soil and weather conditions. 
MATERIALS AND METHODS 
Sites and Treatments 
Fourteen short-term P-K response soybean [Glycine Max (L.) Merr.] trials were 
established at farmers' fields in several regions of Iowa from 1995 through 1997. All trials were 
planted on the previous com crop residue. Summarized information about management practices 
and soil characteristics are shown in Tables 1 and 2. Crop management practices (except P and 
K fertilization) were among those recommended for each location. Sites 2, 9, and 12 had 
received deep-banded P or K fertilization in the past. 
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Twelve treatments were applied to each location. Treatments were fovir nonfertilized 
controls, the factorial combinations of two P rates and two placements (four), the factorial 
combinations of two K rates and two placements (four). Two of the control treatments were 
absolute controls and the other two received a coulter-knife pass of the deep bander without 
applying fertilizer (empty knife). The fertilization rates were 14 or 56 kg P ha ' and 33 or 132 
kg K ha ' when P and K were applied separately. A mixture of 56 kg P ha"' and 132 kg K ha ' 
broadcast or deep banded was applied (data not shown). 
The placements were broadcast, and deep bands. The broadcast fertilizer was spread onto 
the soil surface by hand. The deep bands were approximately 25 mm in width and were placed 
15-20 cm below the soil surface of each ridge. In one control the soil and residue were not 
disturbed and in the other (empty knife) plots received a coulter-knife pass of the deep bander 
without applying fertilizer. The fertilizers were applied in the previous fall of each cropping 
season. Plot width varied from four to six rows spaced 96 cm and the length was 18.3m except 
for site 3 where the row spacing was 91 cm. Four of the trials (Sites 8 to 12) conducted in 1996 
and two (Sites 13 to 14) trials conducted in 1997, evaluated residual effects of similar treatments 
that had been applied for 1995 and 1996 com crops respectively (no P and K fertilizers were 
applied for the 1996 and 1997 soybean crop at those sites). 
Completely randomized block designs with three replications were used for all trials. 
The treatment sums of squares were partitioned into orthogonal comparisons of the two controls 
(absolute control vs. empty knife), the mean of all controls vs. the mean of all fertilized 
treatments, a P rate-by-placement factorial (two rates, two placements, and the interaction 
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effects), and a similar K rate-by-placement factorial. In addition, to better estimate separate 
responses to P or K fertilization, the treatment sums of squares were partitioned into two 
nonorthogonal comparisons that compared the mean of all controls with the mean of plots 
receiving only P and the mean of all controls with the mean of plots receiving only K. 
Measurements at Response Trials 
Soil samples were collected from the experimental areas before the treatments were first 
applied. Composite samples (16 cores, 2-cm diameter each) were collected from the ridges and 
split in two depths (0-15 and 15-30 cm) and from the valleys (0-15 cm depth only). All soil 
samples were dried and ground for chemical analyses. Soil available P, K, pH and organic mater 
were determined for each site following procedures recommended for the North Central region 
(Brown, 1998). Soil-test K was analyzed by the ammonium acetate method, soil-test P by the 
Bray-1 method. Soil-test P and K values are shown in Table 2. Iowa State University soil-test 
interpretations for samples collected from 0-15 cm depth and low subsoil P and K are shown in 
tables. Boundaries for the soil-test P classes very low, low, optimum, high, and very high are 
8, 16, 20, and 30 mg kg"', respectively. Similar boundaries for soil-test K are 60, 90, 130, and 
170 mg kg"', respectively. 
Whole soybean plants were sampled at V5 to V6 growth stages (Fehr, 1971). Ten plants 
were collected at random from each plots. The samples were dried in an air forced oven at 60 ° C, 
weighed, and ground to pass a 2-mm screen. Total P and K contents were extracted by digesting 
0.25 g from each samples with sulfiiric acid and hydrogen peroxide (Digesdahl Analysis System, 
Hatch Inc., Boulder, CO). Phosphorus in extracts was measured by colorimetry (Murphy and 
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Riley, 1962) and K was measured by flame photometry. Total P or K uptake was calculated by 
multiplying the P or K concentration in the extracted solution by the aboveground dry weight 
of each plant sample. Nutrient concentrations in plant tissue are not shown to reduce the length 
of the article and because the study of P and K uptake is more useful to achieve the objectives 
of this study. Also, plant P and K concentrations can be calculated from the dry weight and 
uptake data presented. Soybean grain was harvested by hand (7.6 m by two rows) and shelled 
by a stationary sheller. Yields were corrected to 13.0% moisture. 
Weather Data 
Precipitation and maximum temperatures were obtained at the nearest weather station for 
each trial (distant from 3 to 10 km). Monthly maximum temperature averages were calculated 
for each site. Previous research with no-till com (Bordoli and Mallarino, 1998) found that 
response to deep-band K were larger when there were long periods of dry topsoil during late 
spring and early summer. Thus, and because soil moisture could not be measured in this study, 
an index of number of days without rain was calculated for each month (April through 
September) for each site-year. A dry day index (DDI) that increased exponentially with the 
number of consecutive days without measurable rainfall was calculated by (I) counting the 
number of consecutive days with precipitation lower than 1 mm within a period, (2) calculating 
the square of each number and (3) summing the squared v2ilues for the period of interest. For 
example, assuming that precipitation was recorded for the 5th, 25th, and 31st days of a given 
month, and at the 10th, 20th, and 31th of the following month, the DDI for each month would 
be calculated as: DDI, = ^[4^ +19^ + 5^]= 402; and, DDI, = l^[9- + 9-+ \Q-]=262. It is 
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noteworthy that even though month 1 and 2 had the same monthly frequency of rain, at month 
I the spreading was more uneven, which caused the DDI, to be higher than DDI, The frequency 
of raining days also influences DDI. Since the index follows an exponential function, higher 
indexes are expected for low precipitation frequencies and higher spreading of rainy days. 
RESULTS AND DISCUSSION 
Effects of Fertilizer Placement on Grain Yields 
Phosphorus fertilization increased soybean grain yields significantly (P ^ 0.10) at four 
sites (Table 3) that tested optimum in STP or below. Nonetheless, there were positive trends at 
several other sites that did not reach such level of statistical significance. The analysis over all 
sites confirms this observation because there was an overall yield increase (P ^ 0.10) at the P 
fertilized plots. Statistically maximum yields were achieved with the lowest rate used (14 kg P 
ha"') at all sites (data not shown). The P placements differed (P < 0.10) only at Site 8. At this 
site, the broadcast placement increased yields slightly further than the deep-band placement. 
The values used for the soil-test interpretation classes shown in Table 2 are averages for 
samples collected from a 0-6 inch depths from the ridge and valleys. The lack of grain yield 
response at several sites that tested below optimum (according to this criterion) was not 
expected. One possible explanation is that the responses were small and the design did not allow 
for its detection by statistical analysis. This possibility is supported by the significance of the 
overall analysis. Another possible explanation relates to the soil test-classes used for ridge-tilled 
soybeans. Other researchers have shown a 50% decrease in soybean root growth on the top 7.5 
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cm oftrafRcked inter-ridge spaces (Bauderetal., 1985, and Kasparetal., 1991). Table 2 shows 
higher STP values for the ridge than for the inter-ridge sampling. If the STP classes were 
determined by the ridge sampling only, the nonresponsive sites 7 and 11 would be classified as 
optimum and high respectively. The sampling positioning alone, however, cannot explain the 
lack of response in all the trials testing below optimum in STP. Finally, another possible 
explanation is that other growth factors could have limited yields in those low-testing sites. 
Potassium fertilization increased grain yields of ridge-till com significantly only at Site 
13, and the placements did not differ. Statistically, maximum yields were achieved with the 
lowest fertilizer rate used. Analysis over all sites showed no response {P ^ 0.10) to either K 
fertilization or placement. The lack of response could have been expected because most soils 
tested high and very high in STK. Moreover, STK for the ridges was even higher at most sites. 
The site in which the response to K fertilization was observed did not have the lowest STK level 
or the most marked lateral or vertical STK stratification. Although the STK stratification in 
these soils was less than for P, in average the soils had 40% higher STK in the 0-7.5 cm depth 
than in the 7.5 to 15 cm depth and fields with long histories of ridge-till management had higher 
stratification. It is likely that the responses to K fertilization were related with weather 
conditions, particularly soil moisture. 
Correlation analyses showed significant 0.10) and positive relationships between DDI 
and yield response to K fertilization (soil moisture was not measured). The correlations do 
suggest, however, that an index of number of consecutive dry days, explain a higher proportion 
of the response to K than rainfall does. It is possible that the soil K availability was reduced by 
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dry conditions dnring the growth season. Such possibility supports work done by Ebelhar and 
Varsa (1996), and could help to explain why plants took advantage of the fertilizer added, 
regardless of the STK value or fertilizer placement utilized. 
Effects of Fertilizer Placement on Plant Early Growth 
Phosphorus fertilization increased (P>0.10) early growth of ridge till soybean 
significantly only at two sites (Sites 8 and 12), and the P placement did not affect early growth 
at any site. However, the analysis over all sites reveals a statistically significant effect of P 
fertilization. Explanation for the few significant responses in the statistical analysis by site and 
the significance over all sites given for yield, also apply to early growth. For example. Site 11, 
would be classified as high STP if only the ridge 0-15 cm sample was considered (Table 2). It 
is noteworthy that the responsive sites for early growth did not coincide with the sites showing 
grain yield responses. 
Analyses for each site showed that only the deep-banded K placement increased early 
growth, although this response was significant only at three sites. The responsive sites showed 
high STK average values. The responses at two sites (Sites 7 and 14) should be interpreted with 
caution because K broadcast treatment means were lower than the control means. There is no 
reasonable explanation for a negative effect of the broadcast treatment on early growth, except 
for a random effect of an uncontrolled variable. Nonorthogonal comparisons of the means 
showed that only the deep-band means differed from the control. The difference in favor of the 
deep-band placement over all sites (P>0.07) confirm the advantage for this placement showed 
in the analysis by site. Also, this overall result suggests that banding K fertilizer can increase 
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the growth rates of small ridge tilled soybean plants grown under many conditions, regardless 
of the STK level. Analysis of soil-test data for ridges and valleys and for different depths cannot 
fully explain this result. An explanation is further complicated by the fact that the responsive 
sites for early growth did not coincide with responsive sites for grain yield. 
Effects of Fertilizer Placement on Plant Nutrient Uptake 
Phosphorus fertilization increased (P< 0.10) P uptake by ridge-till soybean at seven sites 
(Table 5). The analysis over all sites also revealed a significant response to P fertilization. The 
placements differed 0.10) at 3 sites, where P uptake was always higher for the deep-band P 
placement. Also, the analysis over all sites showed a fiirther increase in P uptake by the deep 
placement. In contrast with results for grain yield and early growth, the plant responses show 
that the high P rate increased (P^0.05) P uptake over the low rate at two sites and in the analysis 
over all sites. The lack of responses to P fertilization and to placement at some sites can be 
partly explained by the high initial soil-test P levels. Other research has shown limited luxury 
uptake of P by soybean. 
Data in Table 6 shows that K uptake was influenced by K fertilization and placement 
even more frequently and more markedly than P uptake was. The deep-banded K increased K 
uptake more than broadcast K at all sites where placement effects were significant. Potassium 
fertilization also increased K uptake significantly (P^O. 10) by soybeans in the analysis over all 
sites (Table 6). In contrast with results for grain yield and early growth, the plant responses 
show that the high K rate increased K uptake over the low rate only at two sites. Potassium 
fertilization and placement influenced K uptake at most sites independently of the soil-test K or 
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stratification. This result contrasts with results shown above for grain yields. Also, the deep-
banded K had small effect on plant growth but increased K uptake markedly and more 
frequently. The plant K uptake responses in this study agrees with previous reports that soybean 
plants have high limits for luxury uptake of K. 
Although crop responses to deep banding may not result in large economic advantages 
for ridge-till producers, the potential benefits of this placement in reducing nutrient 
contamination of surface water supplies were not evaluated in this report. This type of 
subsurface placement reduces P accumulation at or near the soil surface in ridge-till fields and 
it is likely to reduce P losses with water runoff (Mclsaac et al., 1991). Research with various 
cropping systems (Sharpley and Menzel, 1987) has shown that conservation tillage systems often 
reduce total P losses to surface water supplies but losses of soluble P are proportionally higher 
for these systems. 
CONCLUSIONS 
The results of the study showed that P fertilization increased yields of ridge till soybean 
in some low-testing soils but not in soils testing above optimum, and there was no differences 
between P placements. Uptake of P was more responsive to P fertilization and placement than 
early dry weight. No relationship was found between increases in early crop growth or early P 
uptake due to P fertilization or placement and increases in grain yields. Similar conclusions can 
be made for K fertilizer and placement effects on yield and early growth, suggesting that 
broadcasting these nutrient may be as efficient as deep banding for ridge-tilled soybeans. 
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Potassium uptake was markedly more responsive than early dry weight or yield to fertilization 
and deep-band placement, which supports observations of K luxury uptake in previous research. 
The results suggest that in ridge-till fields soil sampling of the ridges could provide a better 
estimate of P and K availability for crops as opposed to inter-ridge areas. 
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Table 1. Year, location, soils series, and other information for each soybean site. 
Soil Com Planting Years 
Site Location^ Series Group Hybrid* Date RT« 
1 Audubon Marshall Typic Hapludolls Wilson 2840 5/22/95 
yr 
6 
2 Newel Canisteo Typic Hapludolls Pionner 9231 5/25/95 5 
3 Ames Webster Typic Haplaquolls Stine 2250 5/22/95 2 
4 Hamilton Clarion Typic Haplaquolls Lathan 390 5/21/95 5 
5 G. Cent. Tama Typic Argiudolls ABH Boone III 5/26/95 3 
6 Audubon Marshall Typic Hapludolls Stine 2660 6/04/96 7 
7 G. Cent. Tama Typic Argiudolls Winnabago II 5/22/96 4 
8 Hamilton Clarion Typic Haplaquolls Lathan 660 5/21/96 6 
9 Newel Canisteo Typic Hapludolls CX 278 5/24/96 6 
10 G. Cent. Tama Typic Argiudolls Write II 6/05/96 4 
11 G. Cent. Tama Typic Argiudolls Winnabago II 5/22/96 4 
12 Newel Canisteo Typic Hapludolls CX 278 5/24/96 6 
13 G. Cent. Tama Typic Argiudolls Kossuth 3 5/16/97 5 
14 G. Cent. Tama Typic Argiudolls Kossuth 3 5/16/97 5 
t Names indicate the nearest town to the trials. 
t Soybean hybrid: ABH= Ames Best Hybrid, CX= Dekalb. 
§ RT= number of years with continues ridge-till system. 
Table 2. Soil pH, soil organic carbon, and soil test P and K for each soybean site. 
STP» STK 
Soil Ridge Valley Rid B. R+V Ridge Valley Rid B. R+V 
Site pW OM+ 0-15 0-15 15-30 0-15 class 0-15 0-15 15-30 0-15 Clasi 
— mg kg-' — mg kg-' 
I 6.5 3.9 8 7 4 7 VL 150 141 141 145 H 
2 6.1 4.8 14 9 3 11 L 142 132 116 137 H 
3 6.5 5.0 66 56 53 61 VH 170 169 148 170 H 
4 5.6 3.4 25 15 12 20 H 140 119 114 129 O 
5 6.4 4.6 26 20 15 23 H 151 149 114 150 H 
6 7.0 3.3 16 16 7 16 O 184 184 164 184 VH 
7 6.1 4.5 17 8 6 13 L 160 138 111 149 H 
8 6.5 2.6 13 9 4 11 L 100 101 86 100 O 
9 6.3 4.1 10 8 4 9 L 138 134 117 136 H 
10 6.0 3.9 13 8 6 II L 159 146 117 152 H 
II 6.1 4.5 20 7 9 14 L 220 174 142 197 VH 
12 6.4 4.4 12 7 3 10 L 139 161 137 150 H 
13 6.9 4.8 20 17 8 18 O 154 162 130 158 H 
14 6.4 4.6 24 15 7 20 O 141 147 84 144 H 
t = Average value for the top 15cm soil layer. 
t Ridge = Ridge 0-l5cm layer; Vdley = Valley 0-I5cm layer; Rid B. = Base of the Ridge 
15-30cm layer; R+V = Average value for the top 15cm soil layer; and Class = Iowa State 
University soil test interpretation very low, low, optimum, high, and very high. 
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Table 3. Grain yield of ridge-till soybean as affected by P and K fertilization and placement. 
Grain yield ^ Statistics {P<F) 
Site Control 
P K P K 
B D B D Pert Place Pert Place 
— Mg ha"' ~ 
I 2.17 2.39 2.54 2.24 2.21 0.00 0.24 0.57 0.80 
2 2.95 3.21 3.24 3.16 3.12 0.03 0.88 0.12 0.78 
3 4.00 4.18 3.93 4.11 4.09 0.64 0.12 0.37 0.90 
4 2.70 2.68 2.79 2.68 2.76 0.99 0.41 0.95 0.66 
5 3.30 3.37 3.24 3.23 3.17 0.95 0.47 0.40 0.74 
6 3.18 3.33 3.38 3.14 3.10 0.20 0.79 0.61 0.85 
7 2.91 2.79 2.87 2.89 2.98 0.26 0.42 0.82 0.40 
8 2.87 2.97 2.93 2.73 3.02 0.43 0.08 0.94 0.08 
9 2.93 2.94 3.08 2.96 3.09 0.25 0.19 0.24 0.26 
10 3.20 3.23 3.33 3.24 3.10 0.57 0.59 0.82 0.48 
11 2.99 3.04 3.09 2.99 2.95 0.30 0.53 0.83 0.68 
12 3.03 3.10 3.09 3.02 3.00 0.33 0.90 0.58 0.72 
13 2.06 2.24 2.23 2.35 2.30 0.08 0.96 0.01 0.72 
14 2.27 2.57 2.36 2.31 2.16 0.15 0.24 0.86 0.58 
Means 2.90 3.00 3.01 2.93 2.93 0.00 0.56 0.87 0.42 
t Control = average between absolute control and control with a coulter-knife pass, 
B = broadcast, and D = deep-band (all are means of two fertilization rates). 
t Pert = comparison of the controls vs. the fertilized treatments, and Place = placement 
effects. 
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Table 4. Dry weight of ridge-till soybean as affected by P and K fertilization and placement. 
Dry weight yield ^ Statistics (P<F) * 
P K. P responses K responses 
Site Control B D B D Pert Place Pert Place 
_ g pi-' — 
1 1.16 1.25 1.23 1.15 1.24 0.22 0.90 0.53 0.34 
2 1.46 1.49 1.53 1.39 1.37 0.72 0.40 0.49 0.80 
3 2.41 2.39 2.43 2.46 2.56 0.92 0.89 0.38 0.54 
4 1.47 1.52 1.53 1.54 1.57 0.61 0.97 0.41 0.88 
5 0.85 0.78 0.86 0.80 1.00 0.54 0.18 0.24 0.00 
6 1.18 1.13 1.19 1.15 1.26 0.77 0.53 0.70 0.29 
7 2.17 2.12 2.32 2.01 2.34 0.55 0.13 0.94 0.01 
8 1.80 1.96 2-05 1.89 2.04 0.07 0.54 0.14 0.30 
9 2.28 2.30 2.48 2.30 2.34 0.45 0.40 0.76 0.85 
10 1.38 1.40 1.32 1.49 1.33 0.80 0.36 0.63 O.IO 
11 2.16 2.26 2.13 2.20 2.10 0.77 0.22 0.95 0.41 
12 2.53 2.81 2.73 2.48 2.41 0.02 0.56 0.35 0.74 
13 1.72 1.82 1.92 1.84 1.90 0.12 0.45 0.11 0.60 
14 1.81 1.78 1.72 1.68 1.95 0.51 0.61 0.91 0.03 
Means 1.74 1.79 1.82 1.74 1.81 0.05 0.62 0.17 0.07 
t Control = average between absolute control and control with a coulter-knife pass, 
B = broadcast, and D = deep-band, (all are means of two fertilization rates). 
t Pert = comparison of the controls vs. the fertilized treatments, and Place = placement 
effects. 
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Table 5. Phosphorus uptake of ridge-till soybean as affected by P fertilization, placement, 
and rate. 
P uptake Statistics {P<F) * 
Site Control 
Broadcast 
Rate 
"1 T 
Deep-band 
Rate 
I 2 
Rate 
Pert Place B D BD 
mg pi' 
1 3.15 3.92 3.54 4.14 3.40 0.06 0.99 0.51 0.32 0.24 
2 4.05 3.69 4.54 4.26 6.21 0.08 0.02 0.70 0.01 0.05 
3 8.18 8.29 7.68 8.85 9.13 0.60 0.18 0.46 0.50 0.99 
4 3.84 4.20 4.20 4.96 4.80 0.07 0.20 1.00 0.83 0.88 
5 3.19 2.79 3.01 3.83 3.46 0.66 0.01 0.58 0.35 0.79 
6 3.87 3.44 4.02 4.14 4.16 0.97 0.26 0.27 0.96 0.41 
7 5.28 4.96 5.40 6.50 5.47 0.23 0.03 0.38 0.05 0.41 
8 5.31 5.21 6.26 6.24 6.85 0.03 0-13 0.16 0.41 0.12 
9 7.21 6.96 8.79 7.93 7.67 0.31 0.93 0.15 0.83 0.37 
10 3.77 3.83 3.88 3.91 4.60 0.25 0.25 0.92 0.16 0.29 
11 5.04 5.00 5.56 5.66 4.69 0.49 0.65 0.22 0.04 0.45 
12 7.62 8.25 9.87 8.83 9.04 0.00 0.77 0.01 0.74 0.04 
13 5.58 5.97 6.16 5.73 6.68 0.18 0.82 0.81 0.25 0.32 
14 5.98 5.69 6.12 5.06 6.18 0.54 0.57 0.54 0.12 0.13 
Mean 5.15 5.16 5.65 5.72 5.88 0.00 0.05 0.01 0.99 0.09 
t Control = average between absolute control and control with a coulter-knife pass. 
Rate 1 = lower rate, and Rate 2 = higher rate. 
t Pert = comparison of the controls vs. the fertilized treatments. Place = placement effects, 
B = rate effects on broadcast P, D = rate effects on deep-band P, and BD = rate effects on 
the mean of both P placements. 
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Table 6. Potassium uptake of ridge-till soybean as affected by K fertilization, placement, and 
rate. 
fC uptake ^ Statistics {P<F) '• 
Broadcast 
Rate 
Site Control I 
Deep-band 
Rate 
1 2 
Rate 
Pert Place B D BD 
- mg pr' -
1 22.1 21.7 22.7 24.3 32.0 0.21 0.09 0.84 0.12 0.21 
2 32.5 29.6 30.4 35.8 32.3 0.98 0.12 0.86 0.21 0.41 
3 59.8 55.2 56.0 76.5 83.9 0.08 0.00 0.93 0.40 0.51 
4 28.5 22.5 30.2 36.8 54.6 0.04 0.00 0.28 0.02 0.02 
5 17.6 17.6 17.5 25.9 29.3 0.00 0.00 0.97 0.20 0.37 
6 26.3 30.6 27.5 29.0 32.5 0.16 0.62 0.54 0.47 0.94 
7 33.4 28.1 28.4 38.3 57.8 0.15 0.00 0.97 0.01 0.04 
8 24.0 26.9 26.3 24.9 53.9 0.00 0.00 0.87 0.00 0.00 
9 47.6 55.1 59.6 47.2 57.7 0.08 0.39 0.58 0.20 0.20 
10 27.0 28.0 27.9 29.3 36.9 0.10 0.09 0.98 0.08 0.22 
11 30.9 35.2 33.9 29.2 31.1 0.57 0.21 0.79 0.71 0.93 
12 56.8 50.5 65.1 60.1 53.1 0.96 0.88 0.04 0.28 0.38 
13 23.2 29.3 27.6 29.3 42.1 0.00 0.04 0.74 0.01 0.12 
14 32.2 32.3 32.7 36.3 50.9 0.00 0.00 0.92 0.20 0.01 
Mean 34.0 53.0 34.7 37.3 46.3 0.00 0.00 0.47 0.00 0.00 
t Control = average between absolute control and control with a conlter-knife pass. 
Rate 1 = lower rate, and Rate 2 = higher rate. 
$ Pert = comparison of the controls vs. the fertilized treatments. Place = placement effects, 
B = rate effects on broadcast P, D = rate effects on deep-band P, and BD = rate effects on 
the mean of both P placements. 
80 
CHAPTER 5: GENERAL SUMMARY AND CONCLUSIONS 
The results of the fertilizer placement studies showed that some of the perceived 
problems for P and K management of com and soybean managed with conventional tillage did 
not exist or were of minor importance whereas others were important. The perceptions about 
major yield losses because of broadcast P fertilization of no-tilled soybeans or ridge-tilled com 
and soybean were unfounded. Phosphorus fertilization increased yields of no-tilled soybeans, 
ridge-tilled com, and ridge-till soybeans in several low-testing soils and not in soils testing 
optimum or above, but there were no major yield differences among P placements for any tillage 
system or crop. Unfrequent increases in soybean early growth due to banding with the planter 
or deep-banding did not translate into increased grain yields. On the other hand, the results for 
K showed that broadcasting or banding this nutrient with the planter often (but not always) is an 
inefficient practice for com grown with ridge-till system. Although differences were not 
observed in all fields or were always large, deep-banded K increased grain yields further than 
the other placements did. Contrary to expectations, responses to deep-banded K were poorly 
related to soil-test K or K stratification and correlations improved when rainfall amounts or 
frequency during the cropping season were considered. Yield responses to deep-banded K often 
were small and, thus, the cost-effectiveness of this placement will be largely determined by the 
costs of application. 
The results show that judging potential effects of P and K placement on grain yields of 
no-tilled soybeans or ridge-tilled com and soybean based on effects on early crop growth may 
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be misleading when the soils are not extremely deficient in these nutrients. Uptake of P was 
slightly more responsive to P fertilization and placement than early dry weight. Potassium 
uptake was markedly more responsive than early dry weight supporting observations of K luxury 
uptake in previous research. Large increases in K uptake by deep-banding (compared with 
broadcast fertilization) observed in ridge-till com and soybean suggest a potential benefit (on 
grain yield) of this placement to increase the nutrient content of plants early in the growing 
season. This extra uptake may serve as a plant buffer storage that may be utilized during 
eventual shortage of nutrient availability later in the season. 
Another major conclusion is that current soil-test interpretations and fertilizer 
recorrmiendations for P and K based on conventional tillage may not fully apply for conservation 
tillage. Soil sampling depth is a potential problem for P management in no-till soybean fields 
because of expected vertical stratification associated with the no-till system. Sampling position 
and depth for ridge-till soils may have to be revised for com and soybean fertilization, 
particularly with K. For ridge tilled com, the results suggest that soil sampling depth and 
positioning in relation to the ridges or valleys are a potential problem. And indicate that the 
sampling of the ridges could provide a better estimate of P and K availability for crops (as 
opposed to inter-ridge areas). 
Overall, the results of this project provided useful information about cost-effective 
fertilization practices for conservation tillage systems that will increase the profitability of crop 
production while reducing the potential for nutrient contamination of water supplies. 
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